


Institutional Archive of the Naval Postgraduate School 


Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1984 


A model for evaluating vendor bids for stock 
replenishment of an item. 


Gray, Richard D. 


http://ndl.handle.net/10945/19453 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 
i (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist : Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


NY KNOX appointed — and published -- scholarly author. 

| | LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 


lt alle 


PJ 
1 allie 

i anata 

a. 

1 eal 

a adh Did eal adil 





a ae 





Ri 
ei wet 

Adal ee a ee 

On ON tale a 

a ie a 9 

“aan @ fe 

vi 

‘Te rq j : 
aN 5 

Ce 

es: 









































































































































doe SH 
Ayal 

sda AP NONS 8 

Attack D 





































































ai aan 
by Re ‘ss 
bade iis NTA oe eee 
a rat uf on) Nae Cy cn] 
We wen ee vos A RRR OK 
mee Seen a ‘ota 
uw Coy hoes Ms 2a 5 hd 
ha ty a bell a fly te hae Ls ih 
PRN into eats EONS s Sits 
blots Ss i 
us 4 x ae oy PN anak Mi ty AN tee PC RN te rt 
a Sa oe) Me hs Shan <i AGF yee ayaa ao Re. AAA, ee Ww SNE i ees 
Ay bg ae Lr) oy a Ue A Le ry 
ays be 7) yee) : res F aK a LBP PST ie ae Sr at + See eS 
Pans Ph ie rae RS Pea a i ay 7 ie Ayia se ib a! RL, HL $8 Ar) F 
Hy aSeys ae Maps wae ArH yin ay, AL ™ & LD mie rt " 
0 Shae Ce oN Ry en "e Sober aH SiN ae, S Rain 
ee a a ah f arty i ais a 
eR ttn tat bg ) ok A eh a) EN nee ae 1 i SRT ot ee Pao rk ue ry Pin + 
; uae Re rate Pie SEEN AN NRA he aus ean ea arts Re pA By ott ak Usa amis 
; “a Onn Baty ce * SMALE) al ay a 2 en aX * Oo ew . Py 
in ee An Ree PRN 4 8 aes ne, SC Path Let i a tt praia 
A er ; 4 pai sre ns Tots Pah itt ME Ae 4a" ey) » ey a se HS A EVE ; 
U E c ft ry te CF RB ore rs af ii 
rere neal er ‘ ge o , 7 he ee Mae ara : a i eas Bi : WN it ea SRT: +o pe Sane pkg 
"3 P rd ” ae 3 | a ay he ew BS Bye iN ’ Yi fi uy ‘warag 
Te] ‘4 ‘ f fy + y Pr BY 406 TAL ham rit by oe cry re wy WEG is ee 
a ect eit cy ay a a va a Sie nd MN } Seer) i ne as i ae aS RS ce eer SRA Be 
: . M 4 : au ie 2 wae er + A mY Salven LD LS Bee aR BY ‘OAL Le ee a4} eh at 
f A Ia pi “4 F 5 a, ey a Vey 1 rr yw 4 vi a rala sr a a 
aa a 4 5 ar oe) ve G vg me yk ver 2 eet ee ot) Mc pe LM ft Sad Pi PH ied yi 
Gade 2 & Or a oe At Cia | A ‘ z z Ys tad Re us an % ‘ ry ae Cs mt Sean Ye + ee cies m9/ i Sie SORA iis ur 
0 1 rahe p oe a u se Eas > Ao . Ltd ws ae 7. 
i md = yy aan he a rca a ae Artic aes bth ic. ce cy SoA Prtenee a tHe 
es \ ie AEN on ae ce Betts ee as ary brorert Loe Orne at ae Eee aly pt Retry eis hei 
. i Se as tak! 2 oe] are y & 1 re ada hd ie be mM tye, x ny pea Or ea a orn aa om ae Paths at dpe 
ran ‘ Bed nat ce re z na iar aa oy MP b rsa AY Pty Pee ere a) on , > ne rs ee a race Fall 
r Ber $ p PT a Vt Ae A REL Porn A = eh ay % aah rath Vi it i Tes . te Sr a ye 
ae a Ot AIA yD PARI HY a teak fhe bee he 1 ek ba OH a aaa r Sa Bere bey 
: i ‘er ne ayy, ie ar vat were a a te ese ry we irs weUaert w +e a Tht, Rap | ep aatran 
ga Oe as ne Pe oe ‘oe nS as ite a AMT a" 5 oe Je ne A nic Chet Hah er) xy Sehr A» WSs ak tb aris: H end ec 
fs Ed Fy . PT U une aan chor LJ yh at ; iy 4 ates ah pat a) AA Ser XY et te Me Ae rth AA ey art ate Roe an Oh hor oh 
; pees | hone ari. ae ) ai tw hea POA: a ak Rat a rm Sart ee rs , aa ne ye ee ya ara 
0 : A Se o . , Oo ee yea Wh Ri ee Ae eS Par a4 dea A ed op er aa rrr) Rb we A [ern eas 8; + Ape nae 
F = a a Piet SO os te Sh ae © ito reas ban ay ant Sout ehe mie hepa Lat ra es oie b Amen bly apes 
sis Coe roa se :% es My UG Ss nd ya e +i nal vs aA a ary c “oh or rr a Ole bd Ra Adobe ae ad : MAE Oe, bs 
o f . 5 uy wy “eo ohn : 4 ay cd) 2.14? kn Ny w ere Rag yeahs xe A koe ak ea) Ho 
A cp ran Seca ee "4 ap oar." Beata > kin aay A a ES "1 mk nes cg nee tats ++ Drees ie 
i at q wi Re ne ben N a 8 ba 4 hae . * ohaie 3 ae oe i aad ont De wae D yah a as a pesirick tre bed td i bit oe 
PY) a HO 5 ty Pe ede Fis 5 a : 2 a ae y at ra EY | rae ACh 4 Shae ag OTe rf ao aan Baga or este Saas bar Fe ey 
at Tay ' 2 " = Ve oe JeUeh ay) ry in ry ra ay OC Parra tenes Relqek, Sieh Paar et eh =, ae 
Lae ae “ soe s mee Lan eres ie SP bet oe tks a We SSO aa tt Thera ne By He nak rea RA Cane kt doh a Ye 
, ee p a SSras oan aes F ; a aS ye de AAT pcs Sy Warts hae lh Pony es ve . sare Aaa male 
ri iL Ua - ry A Je re D i r] ry Wt) yy | ' . = a AVE » o Le ee ime re ‘i ay ot ee a" 5 CaN Fea Ct Bes, serra cee (ipl, 
ir u oa Nae ar D ae Shey ; = A Wie ie : Pade. Pee are bei oe Sica ue pes A Mos ao Crate oe ea IN ORV 
p rane ri 5 o ee 7 tJ a4 Fee A ae F rn - ame ha PX LA aby ‘ tit | ea yee He EE ae Med wer eetnes Hach ste A ice Ly i 
oan : , $ noe . : me om a 
? Ae oar) n Va ae f f yee n Mk nt oak on En ee a S| we A mn bhatt: Ered He rae; *, cele Sade shed o > Ch 
f n ) : are - Lene a An e ; Lo ih Ce! ae rae we “ ay) A ay ay 
7 ae ; : ; oR a eae 1% A le Ne i a a une a Se rah p ci oat ha Ee ooo idan Cee er Seas See Ba 
H ‘ ' A ' as . fn H S . s ’ A r or eI ale aig? Pe fol a at fa , +f ne . my - ‘ er bane. av eal by iy Vv % ayy ?, 
ae rae ite ess hae be - re 5 v ts an on a og as ; rh 4 me aN i ho Ms - a vy . Paced yy aN ae SHAT Rates Sans 
SP ihe aan : o * : CR tes Fey ee rae Came n ware aunt re ‘ uh 7 Sa AX wen Ones AR eS ne Se ean xe REE peace spe coat anh 
i S ¥ : : 5 + p A) aan yu La a 4 " th La of a - 
: 4 aera oh eis i oe ‘\ ae BAS, ae eee ete a ESAL A Bet ay § lode aceite 8 ry eat a y Cel i) 
; 5 ni 5 ’ me f Par ard . ‘, sa ‘ Seo hci) aoe can , as BR Ee 7 Rare a a3 a nitiey TA pares OAR Ah ros. i 
: ae oy Ny ane an ae ‘ oe we? a> 2 Pe ae SUR Fahd Sa. ree % Ae ry ik ies An + ee, eae cat ah San se 
: : ere 4 i une sa r fat ea ae 4p ot ¥ Leal a al IAG 8 ay bt Pay is . y 
A o wa Ne aes Ut ee ae A ak ha re er <) poh) | ta) a “a4 Ay ons th on rery Aa ao preety rer edad 7) pee 
; a Ua t ee Fi Ss es ’ A u Noy i i a) we Nad? a Fi ' uy be a ry . y Pa ha Pen i a ay High 
; P A an F 5 PI a b Nar A a Ye aren rs ay Vn me hte . Rs) ' ym ” aA tis aS te 5 haa be oe we Che A a an see bs 
' 5 ' as } a] rye i LF a PI pt Py 4 “ys on a } i° 4 seh <3 y 48 4 Pp, aS Sry Deca “ bed Op: i Hi 
1 U a. OE oa A 4 : F : . ae s Jee SS a ams ee i vo * K *s, a 3 Me Lhe ed ic) bd Ben pay pit Y YE Soak 7 
4 iu u i ial ? LU a By cy sic me M be 2 iu 1 vy 4 de y mus z 5,4 ae wy te oe L aby Sr heh , . a et ld Li ees ens ine & io Lia: bay 
: Pn ay F Te seen ‘ A 5 44 pA a os a x eG toe + Pa i Bes Den ee pa ar ee ay ts Uae a 
: ' ‘ ‘ 5] n ‘ o ae i Bap. = "ur gee an oe a ss L nee be 4 Lae vee On aves 1s heed ah Kn pal Yd be, an re i) a eS sbet 
U i ‘ ‘| or) A "eth Fs Ur ri. ea €, ah "4 ry ey re Meas eat ern a Ein a: 
5 ee bode ae tne. ; Dc.) Toe ae ho Us ar’ Ea ae ea ® et bape. re i bre ALY Abia Lh bY 
oa) ag 5 U Lee Y odin ot) aaa see AS = wes, we Pe ae ett i vy oe ee db AF 2 Sra ity = “We as eth Rais sr Eeoerigee rt) +e 
; ners 5 (ee 5 eC a cere eae ar S kes eh edhe ioe en A Lats i) eed i. eM Se oi ee Uy a iy 
o : 7 Ta ee “a a) ' 4 daa he er) its § sie ‘ 7) . wf 4 , °, te ee Peeks, tote e ea oe ty a B Fare a Nias YF 
" ee 7 - z 4 era - NN 440 HH Ge: We os) 1 eg ae Tay ee tao % as PCS Oe +h ‘eh oa was iy a Ce ae OS a ve Ps R Soe Bs 
f A Sea A Citar ao ry : ’ oa aes . nS 2 b a iM ee’ wom hk i mete on 1 be 0 F Cae >, , 
P A ' é * A A - i 4 ry f " Se .Y, oS he] be ft $ lay Pn es “ nt Tay) a mara " baa ~ J oY 
ca ad ! , : i! wy f ‘ ara Ry a + y 4 ae hor te : Le Pp & K D an he ae ‘ Me ¥ 4) be 2 : Raeeen oe Ree x ae soe : cea cue > sien &y eh 
: yt . i D fi ate eee ah = Fa a ne Fin bee) Wd ‘o's ; me my ROLY: fod ‘} Oats x se we A z aS . mcs CAs are Sat ba ee es aes ns 5 uy es es 
C Ue ou ‘ re ne re. . <a G anu 5 Sar r t ’ Sach, Ved a : Vila}: * ‘ye Ye se vy aces = 
i o r\ ee D 1, ) ee ore we aiaetee nfs a arg aa SR Na oe 2¢ on abs py gO aN Vs ne elt eel = 
: ' : bi MP 7 a | oe * a Sey, get ately bd ale co Bs Se hee . ins LS eee 
H se 6 P D eT Po, ini 1 & “2 eer VER “ee! pare Pa PS 5 ae Lt hae as Tei a hel 4 ir ht Ra ish ) ap sty Sar fondo 
- te A A bi ry a vaa nd ea | ng ji . a) hay 1 eu) D 2 +3 At A are FA yay iss yas A bt 
5 y : 0 ah A 5 <a i h 7 ; YY oy & a LF oe ies hong bai ila ban eee ot x ont B 
? a , ey 5 Pant DF * re ; : is ‘ , xs a4 - ie NC f i : ee. he NG " ae A ne Palas A ma n ce oo * ag ae psi seat A ar 
Ms ' i Pet . ts tai Ie oi ; 4 ns Le BA a ” aa % rea 4 bh a UA Gk at i a ie + al « Ad bgt Decree oe: y we be a hy Babe} 
i! ' iY - ee A Oe i Fi a) e * ay ' A eva ax An Pa 4 1 sind i oF ny eh s % woe M Ry DM ‘ A a : ‘ ; 4 Aas a a en ae am ne 
‘ rT 1 ' . . 4 i i = ° ' ss ; ci * ES y * 
: : en ee Ws sa ak oy a mo OF eos is ye, aa oo aye aor + aa fa a Lo vag aN ie fn ERR tS 
A ’ r = - ar) . At a o i be] ’ an) Lei we | 1 7b y , og ea as a ae 
. a cr H an, eae i ae : oe ¥ a , AE ie bit yi" med Ns, 4 a St *, ral O ee OL Pas & y *, , oN M2 ere ie srt Hob 4 ray, i 
‘ is + ? i b var ey naar i aed a : at 9 an ae GHaRE sf’ a Ne by Hee t 4 a rity er Md ed pony , riot a oh 
f ‘ nr) WEES L Md be s ® . : b 1 i te ve Cal ih F a ¢ rn en es x bi a an 7 ore a oe pa ig RY iG ae 43 ; 
5 : ; r seed > aa 5 ba y my ard Bo Tey LRN y & ‘ “3 
, . A : Ce eee Ny ma - i 4 4 : u i, re , ae _ ch ae: An =’ i es oe di He) rt. ee Seed at eUT a, 
Le er See ere Jo ne A a. ; , oS Y : Aas ae f ‘ap ee | ee) oe iy nach Rated ts en 
; , rT Pd oer ee er a Pee ; “se ‘ U r ae Voss FL Lg ‘ at a eG Sd on Pia Benes pha é oe ees a ss 
De 5 Re 5 ‘ Led Gay < P3 Tak ae i hic td 
a bs aS , vies Ss i Se Os . x es) 4 rs} Ao RAN J ae be eed be mA 
' ' - as i ae 4 . Fi 5 P ' ae J mae va ee, i OF oar ch 
6 r] ad } : Cd 7 * ba Oe Ls sb ™ 
: ‘ ne Ls bd U : DL ' | ee a ~~ ey Fa 
a He ; meee Li ' se s ‘ ' 7 f a F rn D eee 4 teh tD ny Ax or 
' Cr P ny a Ce ¢ roe A 4 Pe Ne es ry 
: oe 2 er : wot =. PR ake seh re he X 
i Ce GF ara eos Goat cr a emt ves 4 1 ea ae. ,~ rae a 
iar tas eet See wa ne Sh ' 4 we fe ° 
+] 5 A . . $74 P Fy 7) ry . “ge Ths f 
, . ’ ay Ate i ee a 7 ys Ps é me a Ne ie a yt Cie iT, cS 
: ae ee A A a ; 5 _ a T ir af eo " ‘: Pl 
0 ; 7 C7 3 Onn ed : 5 te fs ae * a ed ee ? “f Peon ¥ ri 
rn 4 "4 id. y Fi = , r a ik PERT: ey (A ay Pe ae 4 ia 
° oa : : . rr ' . , od A : er A . Aer Tae . 5 A , iv en rant, a ae mae Ph Hh me 1g bts SY ks at ee 
D id f ry U A e's Tea ary os Le 
a no Ty , pete vt 4 ont Mead oe iy ihe Pi cine Ree a 
ie Tei A aan , s < , aK A ’ ry a , vv rae dy ao a Py 4 ae , Set Oe Ma sen cs Ny Ae Pe is 
n Oa 5 Le Re i Ve A | Pee * } 
7 ; ® : ! ee se i A a Sr . “i ie ag os 2 : a i here uM ae i Si al ae Oe yy r cN (ed am 
. , : i id tas os hire y . A eer a a “ Hi f Pas sa eu: fy ee hea 33 She We k as ce? r ~ 
5 ay a F : ‘ A cat Gar a oF K rah ona ener oy Ras a i Z i F uve 7 ihe y ES stole rn to mae 
4 : 4 ta ls i Ls os ae my 7 f ” q ee Os FE oF eT | ede Tr FA 
roe : ; lee ' 4 F F o a Be Y ; rs ay a a Ni a a . re i ee 5 vhs my ¢ ae ohae ie te fi Sis iy chin, nS o 
5 al Tae , ‘ riage oo p ae Ly: ayy, DS . ae rh To) os SBS gs y ARY tie te tive Yer ae Si *%) ey 
' A ry bs ’ és Cob) ye ‘tt a 2 bean oe hg ¥; ry a ‘f 4? ed ae i ie 
iY Ld ' oD A . % ad fa el a iW x 5 ey cn Dd eS aes ree bal ular t % ey ee ' on ye LS 
. = PT ' ' bs 4 hd : é a U on be 4 ry a. A ah » "ae ", Sanne 
: ‘ 7 art ae. Dr ie : i Ka ms Ke “ as ys sve 
= 5 A Py ‘\ ny rs Fy 3 5 a s ¥ 5 
beet F . ! « ' Py acy = if 4 a ia ’ - : Ly t — RS 5 ’ Z 5 or rae A He i met, A : . % . res My a ' Tas i a; ae G r fags iS 
F ' : * i. ef. a hd oad 
. b ar : as vas ae A ’ . e i a Y te 4 i ae c H at Se o - rary P. Ter hey ris ree sp b i as 
5 = Fe an = : ; : ' x! : Ur A i FS : is i ; O ee : i Pe Ms a ry b A eg y nt os tS Pe 4 aes AUG) si ic 
i O : cd ‘ ~ . i U ‘ re Bf si oe : ne ; = - a Pa ' all f < 4 - in a 2 ca LL ey t#. Co: oe) 
a : a 4 7 pS Sr A oo AP! . ar oS ~ ra LJ ' oy wv - ack ¥ is oa 
oD L beat) 2 een : o ay ; ‘ ic ies b ; i 1 i + 4? 6 4 rrr ba ae v a ; eA ; Se ‘ry ro ete 
- z iy f - P at A te ' Pd a | ? Fe) tere 
bd Ts ch ras ey Pe = a. nea . outage Ys : oO n ad Cy Sia 7 ia a 3 ee ae 
ieee ° 5 és r ; Pan ‘ a Jae Fie a 0 Se Can + ange, eh “iis Dy 
Ce A A . ieee: oe a ' L ‘ er t My sho, t ? Pree a 
P y A ie an ‘"y ve « Aa, , 2 fp 4 a eer ae ey A ae a 
Fy Pa A Le hs ‘ ' w 4 os : ¢ : a ee i 5 eye ” 5 ‘ * Mee eee ae : Cae 
= ‘ : . Ligue 3 Paw Pra i A ee FT jf 7 
ee i ae . a ers a) "os j pe : ow Ce r ’ cs eo F or U eas eke ri FS fs ran 
ie af fi : , ; P ql F poe we mi aera je me aa e cate SAE wag Pee oe . 
iu H fe ae é , = nite Pd 8 a n a} ye" Cb hea oie rs 
’ A Cr) a F J 4 Ed Y ey | Pa ty era es afd 
. - A 7 Py ’ a 3 . if wie M ak | 
: A 4 - t nari om mi al Le Cr Ly 5 eee vt ee Prat ye weer att if 
Cacia A 5 A U A J ary Te ao Ui D on , =e ae cae’ pe pe aS ES Re > ts 
’ . ‘ YY t Py , F eS 2 a rs Ur ae fs 
: : g cr ; id A anu. 
ar ae a Cn ar Fs 3 ora ears 
a ’ A F a chon or] o Fr i id "8 7 3 ri ree Uy ‘ ne fh rr He Pigg Pecike fee Ses re ao ne z 
Ve reget rer EE os % . Whe Le 
. o y Pe - 3 A A Fe so ae ae are eat ed ie ne Se ieee ae hae Re 
' ' Ps ' ri x A a F o A i 4 1 a 
r Ape Gs ae ¥ ie sed i ne rg 0 a ae 7 id ve met fe: are va Pa eae ees 
a é ‘ A mae es Oo Pa ) PT; Par ae i idl r rar P ¢ ae ai Py ae 
a i ae i , oo dia fey: hi es a ce ed Ene ar 2 f Piya vi eed 
F f neo rae py Ne re oS Ctr oe aoe oe Se aries 
Q ie ey = : :y or : \ mie - EMP NGA firsts Caceeaas we Cn 
fF can . See pe oe diel wee i * > | i ers oy WY tle oe te § r £0 11) Ped her ne hres a ar 
Sy *| : t eyor” o J 
fl ; a rar ; es aes ce a i A P "1 a oy bait 2 Saar ° roi co fi? rile: PCa >. P Py ae oe ak Pest sor Fs Lia ens 
3 . 5 a ’ eo n ite ieee or) ra HY ig Ord hap He elo 
: fl , A ' ra ss po re ary ‘ a Fi le Ae a eee ate aa és 1 i ; EP P spd ME vies a Bie oe ar rep 3 ge U mar 
i if ae - aie: ss 7) ‘3 Boy os di Dyas ried ya v7 Pa ie av ce ry Ef ta Me re Aes ioe aa 0 
, ’ i eee Geo : a ees ae ah ete Fe ‘e. a bs eer RS ee tee es err ass Sa Pe rigid # ae en 
, s PB oO Y «4 ad a é F 0 a -y Mea cal fl be) La) cated Pee 
a s G . . i cone Py ? ie | a ites is oP rd aod rl my ed v ri Ne peri | oh can | ded ce re oa nate bt Tad Ane be ie pees es ae Oe an 
° uM . r Fi 5 ' 7 a] , = he Cad 3 ee) Ws vat ae Oe ae ifs 7 re " ri rl ou 
net F ae - oe or) B » 8 Ane 2 Pas SR re Ts ee Bis 77 a ra Pre Pa: es i if Py Cred erm Ae oh 5) 
i ht or G an Ce F 4 me 5 ry Ms s4#¢ ny 1 or] Fy ara ao a an ll edie ea re foot ae reat esl ye 
° fe ' : te a - ee Wa or | Es Py Pw Cea rh PrPt oe a Ts ro hn roe Pf CY vy “fe Pe) 
M ; pt eis a P os i my a ag ‘ ‘ : oe roe t ao es it \ ee : eae - Ys Beat s era "he mir 5 a ae Rhea Ee Mees Mae ee 
o i ° 4 : i ‘ be . D a) : , oan Coy a ay ie ” a vi Fr vee uy ae ag is - 
ty a P : ° ; ay r *. a 7 Py - Ub = 5 Ae ry Birt ee, Pr A rf ae y el do aka. rte oe a 
erat ; * F : aes a) acer : a Re Pe Ae Pa P at oe ee rie FA ciate bd irre cra 
fe @s F D : i ee 4 fade a : ca ue - : FH STL Un iy ' oo oe Leth dl Saag cr i % oa ie Piss ” SSPE Poe i, eh cee ao wee Bl age a ices Atte dire 
mr, ‘ , ut : ‘ (a a Fi oo oek rw ‘ id ode sk faa Me crrog 
: rs pe = ry eiaey. be Cie a wi ay bd Aes Fah Re mer cy et ek aie 
rom Lig eee oe ae 2 ae 2 Deg ll eo hoe aes apc aie Reg os we eae et He aod epee By 
ge i Ba Sem Bt oe Ate ’ A p : IR ae one Om Pale ry lg ase oe 5 SRE 
iu (7 rary Ld A ' ’ of or f } “ a oe opie a rp ie | Py pots ial itp ofl pr Ca Py rit Piet me gh be a) 
a YG U a , A 3 GB "5 alae aL Ee, Dae a ae arp og ee ; cal Ay 5 io 
o is o a ho : rs i ea 7a, “ep e Foe +n yg ae] eres ee isd bee oss ee oer z ye 9 Ea ere 
eA ioee A 4 a A " LS a oe 4, eee pee “a yee foe 4 a ene oa ad ee ney i we i denies , ie pe see pal 5 a sd ial 
e # et ee . 5 | ae oon “te Uy i if ey i a rh bi ks Le ee Lr ye pss i ne Brae soe aoa rey MOnky y EAN ree te Maret) one Pee 
aa aes 5 eae ee. i 1? fe oe ‘ ag ok F Dae Pe Pat eae reas ae ae Pre xy ct Fer ane a VE fn! brn rad 
a bu ee 2 1: 5 ee 5 La hye Paar | 2 om . rica . ti i ( Cot No g? try orgy rns ra ta ih aviary dei ei ae) ef Poe) 
: , a. ee bach a i er sere ve: ihe Pbk , 4 Lea ee rr ul ae vey 44 EP Ee if Lede of f Bee we py, ee Pt fe na tae ST ae ai ta a 
" ' Cn | P yr A OR td . ; eel. a I ea , i a ae a end as ta MU de tes oat ‘ald Rea : ieee a aly 6 cea Ne ih da bashed 
le F een Tee 7 Ps a : F A ao as i a oe e- - ee us a fn vi P A Uae my ga sous bee Red Hate Cis hey ee fs Ser Sate Poo rp x 
es ‘ae. oc ae oe eet a pai eee: Were ee pe Cro fSgeate Big aPe ty rer , Ped sha ne Hbped ete Nee TACT E A : 
tert o n . p x 5 e Ss A oe fe r ae, * pane he eee eee ae LEH PANN LT ae fo ety Rh dif Ales ae 
n Dy. f F CF og fe r) ry f os Fh A eae np 1 Oe! Pe Phe ge eg pice ef Dd aa bts OTT 7 carr el o rs sh ra pt 
: ae : 1 ee i gre . H ; aa fo 1 OL de Ms crs see ¥ TAREE Lea ap De | aD Lad ea aes oh Sint 4 dt is Seb ee ey gad nent gal hd KL Le f 
$ , A vic & rd a ee i ed P gers frre eA ae ce! ol ad oi Reb Masha Ted pra) dies pee Id adit bed ba dd ds ar ae 9 
: we 9 ce Zea a ee Fe a oa hea hae ars g tee MEE my galt, bp Mortar u KP tertipe inte 5 
a ; - Orr} F an) f wy AS aes ae oe iad Hee Ee ar ci ha = ras Se ‘i eae tery, Pr i ‘ ree wg as roy a 
ek ar) ae et a fn Pane ” Ree ae a. es ie ral he baat re ae nF ee aes ee eae 
ue erste rd P f ; Cr) OF gat ee re F eo Pa oan 4 ¥ (Hoes Reig Sige Ns Phe nba Kj es # | eee ach Stef ors a 
ea ere Oe ere F pers hae a ee Se ts Pn Fs Wee ee Py) re ey Prenat aay Pit Gees “fo ' '¢ Ret ee yo ew 
5 D A 5 iu F . eee rat AP =e ss Pay fa hed eras Bae ee 2 re a Pena PL ite ie ae ro) S onye V5 Seed pay Pri g erty 
fT an n t U | Cary vy aa Ce Ohta i] Ae ae o ‘ aaghd LR Pes Pi gh Loe mer r) Leer rd hee Tad Las Te rad en bibl ta : 
1 ray s ; ve ve ri) a yt a Fi “y or) wr # Aes i. Ch Pin if bey 2 led a read bell CAT hal rie) ts Orr. Pits 
t car ie ts 7 NA ee F Pr A i ag eatat heen bil Se al pelt Mabe AA arias ye SAND Lg bees ok Are ty 
“ nae ‘ F 5 : 7 A a Per OF a3 7) i to te tow ede z Pie, te orern Cie aad - Sie Pos ry Lda 
A ; oan n 4 rar f rw MiP) Pe ee Aaa eee isitle® 24 RP Te a Py A pars Te ad A ae) oe o Ta 
ar ae) - ° A Pan er U a p ’ LOL ese 5 oy y Aan iu H O me ' ; Cae ft as 0 a ae iiale BLA Ci ee sie hie Wer ix ¥ of) pro’ 
id a A H ‘it o oP) Tec pee Seay meee ge ith Aha a Tig " ery a ae ea pa Me? Wate ave ny ef Ns oh b 
« n A ae F ‘ f ¥ 5 SR rs a 5 rl owe Yo rs r} ee rrr ie 5 ny vv roe os O aR ‘ ed 
; >. - re Pa ! 4 or im y ca i ro rs iy ee rae f ee) a rs r re - aL. rs 
: + : as 7 “f — we dh Fy oF LF Le a) « ry ; “ie rs cn | 0 a is Leen ‘ al ala 4 ate i fi ro ee parenra Fae bh Epp tile Le ieee oe eae ree 
‘ < iD A t ee ae. UJ 5 Miriae oO ! y fy Lat ky a ats uae 7] rs Bad ad Ft ay ti" ee pt wie Ord y se ve) i ot ae ao e re ri Peat ae f . 
ee u o cae Han ry Oa of ei pO A ae es ed yaa Hr ict ana or ot a wi Rae Ih orn Pr fen ae a 
A ee rr Uy - ry ri F 42 aie a) i Ai oe "i erie r fe OOF a TT) 4 Fa Cea rep de ¥ rhe ed Panes tay ne v7 Peis i) ela Fd 
n rier nt + »% 1 ners ¢ fee fs ry Par} ry a ' Cae 1 Pe 2) ev 9 a: or Alt f pitts ert ree iad pe t leah © eur me a ee aL Lhed d ty 1" " inte ~ Ee 
t o ' ? Fl ah pe ahaa A aay - Ne a ? ty F 9 da ot wily D wt Pht he cpa ~~ oiled wis cn ie +" hs Mg va ies taas 4 aK ete bse 
Ce ae ' ng } AL or cee er er A ate 2 A Ag A eit ou 5 i eae oe he ot ey foo i = coll ie ana ma ee nad dik gAs Pa PLA) i Bsr 
$ i : rt. : ’ ‘ 1 $ # 1 I bh aT ° ‘ Ce La ae) Bae 2a rp Th ea ry ny ed taki Phe ae Ln re Wy ee kite Ss 
| iu fae o 7) ary a) Oo A at r of oe | Pe or a re Pry Pars a?) ne te OLE ha ty Ce re go oats La by me Pit a) trea ri ¢ 
4 MU 4 ' Ue lt pe v hd 1 : ‘g ML Lear | yO y ag iy he ea Ld eet a i ir cary ic Me ce vy id . vA Danan , wa Fe be) es eo rae . ih kj Bi hae a 
Pree 5 « Sa 5 Oe ah Fs ee 7 a) A eo ay, or} ey a Be PT ae La es P| Mit, 2 f ra but eele§ he 
ae Cres ee a os a es ae Mi aked Pe Peete Beco ene naira sian Be 
: Jee te = on ae ee oe og nr Bei meee ee Wag aA ao io eri F arn oe rae ele Ph LA et ae phir 
hte ee nee rena ears F P ae ‘ iene wa ee ar we CHE - id iopll i oe i Fer feat eee ue ae Vt een xa REA L511 - te y: 
1 ? ¢ rn oes A A ¢ F 4 ' ru ir ao. i os i ee! we a) Pan hg ra ta tial A ar tan ” ayer iy Rha ta ns Ly] bic pa PY] aby one m4 eee rats 
Aas : ae m3 ae pete Ae ne rere, at ase Ee Cn aes wey ad PEN Rady errant rp pot ‘ Fontes phos 
i ea 4 bie es as mea ed, eee crerit perth as 
ay ri a ar aS of o» rn ath Cae ee A i a ue Lied - rar) p ee i Pa i, lege Ba he] a ‘ea ¢ ime at te UG &nes 4 ay! Pr ee gh bf 
P A D Pa , A t A ry Ci . es Py Fri Pa e ’ Bs A A = + 7 i, ne fp ae ee ty wor aoe ea Pe G oar ‘Ar Po pee ieee PAF Rory ha a 
An ir Ae a ats idee is H ri Bi v° ’ sa! ane %) he AD rit? mae ‘) a it Pah Per aes: on poe raed 
ry A A ae " 5 ri a] “ ) ? if ‘ns 94 Ur ins Pod 40 oy ie Le ne ay ad 
: De ee Fs ioe P - PP ran oe ipo ;/ n z - ai A phe iy 8 i res A ree) oR age Cra re A pha iy oe 
U y fl ° r s ntl oe P| Merete a tie’ ny a fea aan os EAR lad fe | Ae if i Ora ret af item ett a eet + ob ih i 
. Se Ji ear ar ara ai: an EE aed o fon, ean Bre es ae ny! one Oe a nah a RANT EN i ats Peete 4 
Bs P r car] UTIL a F re, ae Ph 2) in Ora ete Pi ae A ’ me Wie) BES F oe AE qi fl tig H ‘ 4 a ig ag Lape WAn Se rT a 
f ba i p LS wl ‘ ra @aut oud Pu. 4 f] cH Or CaS 9 se i treaty ‘aa 4 icky ; as ee iat i. i Siete et 
; pa c a} tn a eee oe ET ee t ly cr) Cd " a oh Ate ee A © Ag HAs aa UA Bod) eit oe re 
ners * ‘ oe iw, F r OS AMA O Fil f Aue , - a) re a) ty oi PU) Tons ie ae ee 
F Ca ’ iver LE oe ” ut ie ee as th Cnr ZH AEA Fea he fn ae er) Pf che ab 
4 Reem: piste ae] da Cr ct eer Fale cy keep bbe eu ad atte bts AS rag: aL? ea Sus A 
ol a ri ne . a ria = 7 eer ra ra de, Pore ve}ig ch, acne et al] rs its sh Bae chp A ris Ba a ot 
nae ee i eed y ary. irri i all's a meh mv! eee en A aoe ae pie cept ee faawe ¥ 
- or Ps 7 o» ae ‘ A “fou 2 MW ? Bs a) te ag re » ot ha) tery i Sete 4 Re hare eA High bal itd s Ns 
ya oa) Ly € * dU ah. y fc ae ees i yee ne Hed I Figs ee tea, ree ee he an bie anette Ta A rer ry gh Pr ut Hb ae rhb or 
e td iC iu ae r A a 4 5 : » -°# bad ‘te bony rew? Ae vt ir Mase vie Pity Pee yan be! Com A ae ied + re LA UP ee: ea Ante et tes * #18 peg of eae 
A O ° 4 es i A ye rac Pe Par) . mie Pa ir +e eon ra ei Ailes is eh ea ara irks A aoe! Pi Leah at 
mi A - oO a ip ed he ipa n x ae i ar n 5 re rss: y mt we fy) eee re Ore he rt Gan ee es ini v Hd BE fe x bis 
. ‘ he 7° O ' 4 7 i Py 5 oa oe crc oe aa ie Pee fia "inh Ete > od x Peace 
sae ares 5 ery Se ae ee pi tei “7 Poca ae wae 4 my Wed) id y ae npr Zt ata ty Cay y 3 ae ok ts4 ca are eee De eat Sete 
f F P oa Ce F - o 7 er fn Pa er) alt. a Cd U $ tes US oy oa fF ry 7 ak : a : Leg 
' rar} ee Ua ‘ iu u be wat tans ! rae) scion dt f AL chef sey hin tmnt Pe did 1 hed bi Ly sFe re rd nat hd 
F A ee | ae ee ° r an ath LL a , fe is a u A nee fre: 5 ree be at a AL eee edn ore os rte LS Pretry tata 
ag o u co A f Vv» i ag ns : 1h¥ eee ey nis rm rer ri by ag ~ aah Ls A gh peal ; 
er + y F ae <o 1 “ Oa are tad OD oy RD Ps ae Yat i ark dh Kee p bine A a Rit ra 
. A FY ls O ie ey] Ml et Li i ae | #e ri re ' a A A (oe a io >. 5 An ? re 5 taal ass 4 By Pe a f a nek 
ae * a) - ' Fy A ‘ Pin ona a ra) ae) ty A rt eS f athe * ‘ , ph diet ot Nat dy eg 
F " ater: b at Y ee, ‘a ‘ Ay ¥ hr} te Sih? oe Ay Lay irs 
oe 5 nar F Ceres ao ee Cee ry ae ah f, tt) coe Ki 7” Ce fy ie + oi i AS oe pe es eee eee Ata en a tt ¥0 03 
" J - ao > oan Fs Ue 7 res re i eed ge r 7 i eta “$4 png? rp er +H OF ey Pk aI. a 
Fy . a " SRea- f | A bd he f ria a4 io FI ht Le Cr the Biol 
’ ee Lee A ° worn ry r Sn oJ Baan) at Hy ye Fi fl 6 ie Py We dinate Pe Sata aly vege 
e , a) Aide ’ Py lai YS le be Fo ae ote Der i vy aD BP ey “WA Li eY os re a ts ae) ie Le 
Py S as eh ana U ? : Paria F Cree y at we U tn aor a. aie iT Ut 1 es ae ie oer Ew °, MNCL Se | 
y : Cao 7 tay ec ra c yioaday 4 A Meme Sein. ay secant mas oe +4 Loe 
ane ‘oe een eae rian hea ‘ex Fy eee y wor sane at es ERS pe ikle ee H oT Path By Lae 
: A P a F A ar Te. dra an) ie ¢ 1K ¢? ie TP pts uae és aS eA AE aN. SrentheG pase Sess 
fir) L Pa | rn) D oar) G Ny Pe ve Bs r’ r Wp a hd a 4h. Pe 
i A Riad bind Cie Pan a Sp , are 4 oF feos Poche 0 Ae eae fee ti ae ae annoys LO Pair ar Me cL thee 
ee od ye a ‘ oH s F eer ioe : P Sl ey a b hy . adi 7g PT fe A, a ai al u We Wienoed yr BARE 
P i A he 7 ? 7 . era] ai Fi r a Pa hs Las P - i ‘ P fa. ORE i oe wy Pas rw de r a eta, ee by Pu 
' (Fe) . eec ee cae ter n Von o eer f 4 ry ae a a rr) r 
t 4 p a o A .? te fe Pe ae ca “fe. 7 ae | ¥. a ar HP 4 y 
° P Ls rd Oe F ° n Wee i r ie rt os F ars ren 4 fe ian S wee zr re hs 
A vay are oe ne RO oo if toe i a ny Pio : F a arr ey ice ei r 
° C F | . 
: ae ue o s 1 - oe - ‘ 4 Ay 4 va : Fs . } 7 es p C bres dl ab 
p ae ae ete +9 a asta err eer: tee a 
O ae - A A O ’ Aer ida we re) " ve Pi OF 
A ee eee wa : aE ie *, ie Yes “kell oeat el 4 ra PS - 
i ss A oe roe Fi Par rr Oat Fy Pea! 
' ar] 5 Par et; i rei ‘ 
' iT , rn 
f aes acs oP ' uy pad 0 ae fy 
i 5 aa 5) , Ce t 
’ ' 4 ey ra r} ra . 
. r = oa . a) : he P 4 
ue pe ? Cf ot Uy 5 a . 
f 
< ° 13 ay - bs , 
‘ ’ 
He r Pd 
‘ 








=~ 


ne) 


— oe 





NAVAL POSTGRADUATE SURQOL 


Monterey, California 





TESS 


PevOU tim PORwEVARUATING VENDOR BIDS 
Oro COG ben lone N Tt OF AN) LTEM 
by 
Keivema nde). (Gray 


December 1984 





esis Advisor: een e Mac tr ers 


mppeaved store public release; distribution unlimited 


1220181 





Piivsoer 


Peace AO ee 


SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 


REPORT DOCUMENTATION PAGE 


1. REPORT NUMBER 2. GOVT ACCESSION NO, 3. RECIPIENT’S CATALOG NUMBER 












5. TYPE OF REPORT 4& PERIOD COVERED 
Mectver so Dines 1s. 


December 1984 


6. PERFORMING ORG. REPORT NUMBER 


8. CONTRACT OR GRANT NUMBER(8) 






4. TITLE (and Subtitie) 
A Model for Evaluating Vendor Bids 
for Stock Replenishment of an Item 



















7. AUTHOR(s) 








fewehiard D. Gray 





PROGRAM ELEMENT, PROJECT, TASK 
AREA & WORK UNIT NUMBERS 





9. PERFORMING ORGANIZATION NAME AND ADORESS 
Naval Postgraduate School 


Monterey, California 93943. 









IZ. REPORT OATE 


Decenmbenmrloos 


13. NUMBER OF PAGES 





ale 


Naval Postgraduate School 
Monterey, California 93943 





CONTROLLING OFFICE NAME ANDO ADDRESS 







o 
1S. SECURITY CLASS. (of this report) 










14. MONITORING AGENCY NAME & ADORESS(/f different from Controlling Office) 


OUNCE Ao 1P TED 


1Sa. DECLASSIFICATION: DOWNGRADING 
SCHEDULE 





16. DISTRIBUTION STATEMENT (of this Report) 
pageeoved for public release; distribution unlimited 





12. DISTRIBUTION STATEMENT (of the ebstrect entered in Block 20, if different from Report) 


18. SUPPLEMENTARY NOTES 


19. KEY WORDS (Continue on reverse side if necessary and identify by block number) 


meentory Model: Uniform Inventory Control Program (UICP) 
Price break models, Procurement 


20. ABSTRACT (Continue on reverse side if neceseary and identify by block number) 
lite sships Parts Control Center (SPCC) Uniform Inventory 


Control Program (UICP) wholesale replenishment model for IH 
cognizance symbol (consumable) material is an order quantity- 
Mmeerder level or (Q,r) model. A stocked item's order quantity 
and reorder level are established in large part by the unit 
price and procurement lead time forecasted for it. When a 
replenishment is needed, the order quantity is specified and 
the procurement officer requests bids from vendors. These 


DD jan 53 1473 EDITION OF 1 NOV 6515 OBSOLETE UNCLASSIFIED 


SN 0102- LF-014- Wy SSeS Serre ee 
: oa ] SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered) 


a a Ss SSS A 
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 


bids include both a unit price and an eStimate Of pmo a eee 
lead time. The thesis examines the impact of differences 
between the forecasted and actual values for lead tiem ee 
price on the optimum total annual cost of stocking Che =item 
computed by the UICP model. A modification of the model wigs 
comparison of the total annual cost associated with the eam 
time and price combination of each vendor bid is developed 
Some expected effects of implementing the model are discussed 
and areas requiring further research are identified. 


\ 


ep a Ae a am le a RE ee ch 


S/N 0102- LF- 014- 6601 5 


SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered) 





Appreved for public release; distribwtrorreerunr: rae cu 


A Model for Evaluating Vendor Bids 
for Stock Replenishment of an Item 


Dy 


eee Ie ee PG aay 
Lieutenant Commander, Supply Corps, United States Navy 
Dale itvetoleyeron Massachusetts, 1974 


Soli teed ineepartial fulfiliment of the 
requirements for the degree of 


Peo eek Or Ser ENCE EN MANAGEMENT 


foo me ie 


NAVAL POSTGRADUATE SCHOOL 
Dememnber 1984 


DUDLEY KNOX LIBRARY 
NAVAL POSTGRADUATE SCHOOL 
MONTEREY, CALIFORNIA 93943 ABSTRACT 





The Ships Parts Control Center (SPCC) Uniform inven eames 
Control Program (UICP) wholesale replenishment model for 1H 
cognizance symbol (consumable) material is an order quantity- | 
reorder level or (Q,r) model. A stocked item's order quantity 
and reorder level are established in large part by the unit 
price and procurement lead time forecasted for it. When a 
replenishment is needed, the order quantity is specified and 
the procurement officer requests bids from vendors. These 
bids include both a unit price and an estimate of prodtctmom 
lead time. The thesis examines the impact of differences 
between the forecasted and actual values for lead time and 
price on the optimum total annual cost of stocking the item as 
computed by the UICP model. A modification of the model fom 
comparison of the total annual cost associated with the lead 
time and price combination of each vendor bid is developed. 
Some expected effects of implementing the model are discussed 


and areas requiring further tesearen ace I1¢dcneieieae 


DUS, aa Vv 
NAVAL poe : “NOX LIBRARY 


MONTERLy, (i, UATE SCHOOL 
TABLE OF CONTENTS — _— 
I. INTRODUCTION ~-~------------------------------------- i 
A. BACKGROUND AND PURPOSE ------------~--~---------- 7 
B. THESIS OBJECTIVES -~--~~----~---~~--~~--------------- 9 
CO. (RIP MOG) LS ee eee 1Q 
Pe SCOPE <A Damm Maen S Sea eee ae eee - - - 10 
ee ela t R ec ee ee ee lea 
TENE (CORONER C2 SUC)0 6 Is 
eos nce en mnON Or THE MODE 5222 > 2225 ---- Is 
ee ees sill) den) e eee ee 8 eee 14 
Mena yan GABLE COST FOUATION -==2-2-2.-5 22... 15 
De OPTIMIZATION AND KEY VARIABLE 
et ne ee ie? 
Peet TATRONS OF THE TVG COST MINIMIZATION 
(Ee he) ee te ee eee eS 20 
eee ter Ror Ole) MODIFICATION OF THE UICP MODEL ~~~. -= 22 
ee conn ier Tie Memiy CATION 222-2 22 eee 22 
ee ote tO) ee eee oS Se 23 
eee emo al ANNUAL COST EQUATION ..-_--.-_-.------ 24 
Deoeeeme Ah ISON OPSTOTAL COSTS ASSOCIATED WITH BID'S 
ery pe Sea a ee a0 
ee hoor nH VPORSCALCULATING THE TSOCOST (c,L) 
Pa ee OC URE Vee ee ee ee ee 36 
F eee ee enon Wh A LON S22 ee oe ee ee Ont 
G oh veo ORE LD EVALUATION 22220 He Soe 39 


Me DISCUSSION --------------_________ ia 


A. LOCATION OF THE MINIMUMSTOT Dace 


POINT ------------=-==55 55533) 41 
B. EFFECT OF LONGER LEAD TIMES ON Py,» AND SMA ---- 42 
C. APPLICABILITY OF AN ISOCOST CURVE. [Om tim eena 
ITEMS -------------=---- 45 
D. RECOMPUTATION OF 0 AND 2 ——— os 52 
V. SUMMARY AND CONCLUSIONS -—====2"22333) 33 =e 59 
A. SUMMARY --—--—-—====333 === Se 59 
B. CONCLUSIONS =-===2223=222522333332 2 ee 60 
LIST OF REFERENCES -==-—--===--—3333 =e 64 
APPENDIX A COMPUTER PROGRAM FOR GENERATING ISOCOST (C,L) 
POINTS === 3 = ee 65 
INITIAL DISTRIBUTION LoS = ee 1 


ie INTRODUCTION 


pee BAGKGROUND AND PURPOSE 

ThewNavy s Uniform Inventory Control Program (UICP) sets 
optimum inventory levels for SPCC managed 1H cognizance sym- 
Hemmer tems based On minimization of the average annual 
variable cost of stocking those items. The UICP model was 
developed from traditional continuous review lot size - 
reorder point models for stochastic demands and no quantity 
price discounts, and thus does not include the average 
annual cost of purchasing the items in its inventory cost 
equation. Because the purchase costs of the items make up 
feet eoniticant portion of the total annual cost of stocking 
fiem, reductions in the "optimal" cost may in fact be pos- 
ible. In particular, total cost savings may be realized 
Hrom a reduction in the purchase cost of an item, even though 
that reduced price is associated with some increase in vari- 
give inventory costs. 

imate method of reducing total costs is addressed by 
classic price break models, such as those found in Chapter 2 
Seemhadiey and Whitin [Ref. 1], which do include the purchase 
mers. Project EOQ [Ref. 2] resulted in the implementation 
of such a model within the Air Force wholesale supply system. 


All of those price break models consider unit cost as a 


function only of the order quantity and do not considemeaa 
relationship between unit price and procurement lead time. 

Hadley and Whitin [Ref. 3] have developed a model for 
negotiated procurement lead times in which the item's price 
is assumed to be a function of both the purchase quantit yee 
procurement lead time. It is assumed that the unit price 
offered by the vendor increases as lead time decreases, and 
a given price is applicable over a lead time interval. The 
solution algorithm is to select the maximum lead time assoc- 
iated with each unit price - the vendor is assumed to always 
deliver at the end of a lead time interval - then solve for 
the optimum order quantity and reorder quantity and assoc- 
TaAted stotal ote The unit cost, and hence the lead time 
interval, with the lowest associated total cost is then 
selected. 

Negotiation of lead time based on total inventory costs 
is not part of the current procurement process, however. 
The current practice at the Navy's Inventory Controle pou 
iste treat the inventory management and procurement func- 


tions as unrelated activities even though they are, in fact, 


the model uses a number of simplifications 
solution algorithm which are not acceptable in the UICP 
model, including deleting backorders from the holding cost 
term when taking partial derivatives of total cost with 
respect to the decision variables, and not assigning a time 
weighting to backorder costs. 


fo eases ot a siangle supply system, sharing the goal of 
maximum fleet support within annual budget constraints. 

Reorder levels and order quantities are set on the basis 
meeminimizine variable costs. tJdhen vendor bids are requested 
mmgeevaluated principally on unit price (subject to a requir- 
ed delivery date constraint). The UICP model uses the 
Praces and lead times resulting from the procurement actions 
to update its data base for calculating inventory levels. It 
seems likely that integration of the two system functions 
can produce savings in the inventory costs currently 
incurred. 

This thesis will attempt to modify the UICP model to 
provide more information to integrate the inventory manage- 
ment and procurement activities and to minimize the total 
expenditure of Navy dollars required to stock consumable 
meetico. kn particular, it will examine the impact of varying 
Sombinations of unit price and procurement lead time on 
total costs predicted by the UICP model to determine what 


Savings are possible and how to achieve them. 


Pm EoLlS OBJECTIVES 

To develop a management tool for use by procurement 
personnel which will permit evaluation of vendor bids on the 
basis of their impact on variable inventory costs in addi- 
meomeeeO the current procedure of ranking them on the basis 


Oreowest unit price and ability to meet a required delivery 


date. The management tool will emphasize speed and ease of 
use with minimal requirement for computer or calculator 


equipment. 


Go APPROACH 

The relationships between variables and their effect on 
predicted inventory costs in the UICP consumables procurement 
model will be examined through a computer program which will 
first duplicate the UICP (Q,r) solution process, then ieee 
mentally change the variables of interest and compute the 
resulting inventory costs. Unit price and procurement lead 
time will be the variables of principal concern. However, 
the sensitivity of the cost predictions to errors or varia- 


tions in otner variables will also Gbowe woe 


DD: SCORE AND LIMERAr LOS 

The stock procurement process will be examined at the 
point where the buy quantity and required delivery date have 
been determined and vendor bids have been solicited but no 
contract awarded. The examination will evaluate a model for 
reducing total inventory costs for a stocked item which 
provides inventory cost information to purchasins personnes 
for comparison of the total costs associated witimeaen 
vendor's bid. 

The UICP inventory model for SPCC managed lH cCogimzZanae 
symbol (consumable) material will be utilized as timo. eee 


for developing the thesis model. The repairable item and ASO 
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consumable item models contain additional constraints and/or 
Bice cduation varzaples that will not be addressed in the 
eiesis. For simplicity in programming and to keep the scope 
Bemmanageable size, only items having sufficient average 
demand quantities such that their lead time demand quantities 
can be assumed to be normally distributed are considered. 
Slower moving items with Poisson or negative binomial dis- 
fribution of lead time demand can be similarly analyzed with 
Meier Opriate changes in the sections of the computer program 
which calculate the reorder level and the expected number of 
backorders. Since current procurement procedures do not 
solicit competitive lead times, the variations in lead time 
(and unit price) between bids for sample items in the thesis 


m@emnot based on historical data. 


Pee LhESIS FORMAT 

Chapter II will present a brief overview of the current 
UICP consumables procurement model to establish the basis for 
the modification of the model presented in Chapter III. 
Model assumptions, limitations, and the total expected annual 
variable cost (TVC) equation and its optimization methodology 
will be discussed. 

Chapter III will present the bidding modification of the 
iieenwOptimization method. The modification will add the 
emected annual purchase cost of an item to the UICP's TVC 


Eepration to produce a total expected annual cost (TC) 


Al 


equation. This equation will then be examined by adjustment 
of unit price and lead time to reflect the role of the 
competitive bidding process in controlling inventory =cocmes 
The modified model's development will be illustrated graph- 
ically, the solution algorithm will be detailed, and a 
management tool for determining lowest cost vendor bids 
presented. 

Chapter IV will discuss the impact of the Timinome 
reorder level and order quantity recomputations on the opti- 
mum bid lead time for lowest total annual coszyeeeae 
applicability of the bid evaluation tool to items witha 
fering characteristics (such as demand or unit price), ame 
the impact of using longer lead times to reduce total Coeme 
on SMA. 

Chapter V will provide a summary of the chapters and 
present conclusions regarding the value of the management 
tool, applicability of the biddine medel, “and@etwane 


research required on the model. 


2 


iene OU ULCr MODEL 


meeeeGENERAL DESCRIPTION OF THE MODEL 

ieeelay. csc lmitorm Inventory Control Program (UICP) 
wholesale consumables model, used to set inventory levels 
for SPCC managed 1H cognizance symbol items forms the basis 
for the model developed in this een The model seeks 
"to minimize the total of variable order and holding costs 
subject to a constraint on time-weighted, essentiality- 
weighted requisitions short” in compliance with Department 
of Defense policy [Ref. 4]. The average annual total var- 
iable cost (TVC) equation used contains three main terms: 
an ordering cost term, or average number of orders per year 
times the administrative cost to place an order; a holding 
cost term, or the average number of units on hand at any 
mmo pOlLmt in time multiplied by the cost to hold a unit 
mestock for a year; and a shortage cost term, consisting of 
the average number of requisitions backordered at any 
random point in time multiplied by the cost incurred by 
not filling a requisition for a year times the military 


ERIC [DMGRweoscteeduatiton and solution aleorithm is 


Similar to other continuous review stochastic models having 
decision variables of order quantity and reorder point, 
@epered (Q,r) models. Chapter 4 of Hadley and Whitin [Ref. 1] 
should be reviewed if a more detailed description of inven- 
tory models of this type is desired. 
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essentiality or worth of the item. The average annual cost 
of the items procured (unit price multiplied by average 
annual demand) is considered a fixed cost independent of the 


decision variables and is not considered in therwmoderl 


B. AssUMe Tete 

The following assumptions apply to the UICP model. 
These assumptions will also be used in the modification of 
the model which is developed in Chapter III. 

(1) Steady state environment - The mean and standard 
deviation of the random variables, quarterly demand and 
procurement lead time, are assumed constant over all future 
time. 

(2) No quantity price discount = The unit price aegiaee 
same regardless of the number of units in an order. A 
price-break subroutine is contained in the UICP implementa- 
tion but it is not used at present. 

(3) Instantaneous reorder - Replenishment orders are 
placed immediately after the inventory position drops below 
the reorder level. Although a practical impossibility ei 
actual time delay is compensated for by including the assoc- 
iated administrative lead time as part of the procurement 
lead time. 

(4) The cost to hold one unit of Stock is) prepom = eenm 
to the unit price of the item (currently set at 232 300 eee 


Udit Pricer peimeve ater 
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(5) The time-weighted cost of a backorder for an item 
mee aceurately quantified for determining stockout costs. 
Although this value (lambda) is actually determined from 
bade et and supply material availability (SMA) constraints, 
For computational and analysis purposes lambda will be 
meeumed to acctirately represent actual stockout costs. 

Coowe the military worth (essentiality) of an item can 
be accurately quantified, as required for the determination 
feeb OckKOUL Costs. Essentiality is currently fixed at 0.5 
Memeall items by SPCC. 

(7) No interaction exists between items. Each item's 
order quantity and reorder point can be determined indepen- 
femely of Other items. Similarly, total inventory costs for 
a group of items can be determined by adding the indepen- 


dently computed costs for each item. 


fee lOTAL VARIABLE COST EQUATION 

The UICP total average annual variable cost equation is 
Meecented below, with the first term representing the order 
Seeu, the middle term the holding cost, and the last term 


mimes Dackorder cost. 





TVC < Ps 


0 Ja eee | + < See Oo) B| + +88) 


ey 


I None ea ane 


TVC = total variable costs of one stocked itemen-e 
year. 
D = expected or average number of units demanded per 


quarter; forecasted from historic demand quan- 
ElLEies and trends. 


QO = Order duantic 


A = administrative cost of a procUrememeeaecene 
equal to $380 for purchases under $8,000, Sige 
for negotiated contracts (over $8,000) fang 
$1,080 for advertized contracts (over $0,000em 


R = reorder level (based on inventory position .emee 
stock on-hand). 


L = procurement lead time (mean value forecasted 
from past preoeurement aetrons = 


B = expected number of units backordered at any ran- 
dom point in time (a function ct @ anderen 


I = inventory holding cost rate, composed of Storage 
obsolescence, and opportunity costs as percen- 
tages of unit ‘cost for storage for one wycam 
(equal to .23 for consumable items). 


GC 2.unLe cost of "titewrirem. 


S = expected number of units demanded per customer 
requlsLedon. 


X = shortage cost of one requisition backordered 
for one year. Currently set at $1,500"ean 
category A (formerly 1HO1l and IHO2 coe Mittens 
$1,000 for category B (formerly 1HO3 cog) items 
and $500 for category C (formerly JHbbmeageae 
dees 


EK = military essentiality of the item, currently set 
Ata Oe 


lthe same notation will be used in the modified moqes 


developed in Chapter III. 


16 





iD 
0 = average number of procurement actions or 
inventory cycles per year. 


[R + cae L°D + Bij = expected number of units in 
2 . | 
stock at any random point in 
time (average on-hand inventory 
level). 
= = expected number of requisitions on backorder at 
any random point in time. 
De Poni ZA tT PONTAND KEY VARTABLE RELATIONSHIPS 
As with other inventory models, the UICP cost equation 
@emnainimized by taking the partial derivatives of TVC with 
respect to the decision variables, Q and R, and setting them 
equal to zero. Unfortunately, the results are two complex 
weameatcions in Q and KR. Appendixes B, C, and D of Reference 5 
Breat in detail the Navy's development of the computational 
methods used in solving these two equations. The additional 
variables and parameters needed to solve the equations and 
some key relationships developed in that reference are 
provided below. 
i Vetinations 
EBO = expected number of backorders at the end of 
the inventory cycle (just before the new order 


Gar ives). 


Pe eebeem. she lr) pie - 


MAD) = mean absolute deviation of quarterly demand 
HoPeeeh st OLrecasted trom historical demand 
daa. 

MAD, = mean absolute deviation of procurement lead 


time; forecasted from prior procurement 
eee Ol Ss 


Le 


o(x) 


density function for the standard normal 
q's £5 pheno. 


I 


®(x) complementary cumulative density function 
for the standard normal distribution. sor eee 
probability that a random variaDlewhavamg 
that distribution will have a value greater 


[epiatet lees 


Lene = the fraction of the average cycle length 
that the system is expected to be out of 
stock at any random point an Seger 


PPV = procurement problem variance - the expected 
variance in lead time demand, derived trem 
the mean values and variances of quarterly 
demand and procurement lead time. 


Z = “procurement problem variable" or mean le@aqdeueemee 
demand. 


ho 


Relationships Used im eUprini Zaeuon 


: ; S*T Cc 
Out. © “Sie C ween 
ok B*A*D 
Tica ae) 

E, 2a 
p= frie}? (F 
EBO = Q*P. 
PPV ens 7 MAD) *) i p* (eee MAD, *)? 


R is determined using an iterative algorithm which 


seeks the smallest R such that the expected number of back- 


a ed 


orders 15 VeSsethanwor eqia iomema (where the 1s Weem 


Wee 


to denote constrained values), or mathematically: 


For Mark code 4 items (D°C > $/5) Dee eee 
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EBO < Q°P 


wiere 


ano = FT (o(Apiee| - o[ Ago? 





AS 4]e LAS) - (Ane |e( Ae] 


E Pen Menomeal | akems 
out — 
P eS _Wemtomcatotonmy G Ltems (further constrained 
Pom amerserrine Q) 
< .40 for category B items 
eo UOnmcate gory A 1tems 
0 = tie 12°D 
iar a) eo!) 
0 
WWemreadleisreckinemebyective (NSO) 
5 Mean lead time demand (Z) 
Ree aX 
Z + D ‘ 
min max (R, number of policy receivers) 
4°D°H + Z - D 
“ | Q R 
Q = min ene — max. (Ook = 72) 


ay. . 
This algorithm obviously assumes that demand during 
Pmeeecwrement lead time is normally distributed. 


ee 


E. LIMITATIONS OF THE TVYC COST MINTMIZAT TO ee 

Because the average annual variable costs are based on 
historical unit price and procurement lead time data, the UICP 
model does not take into account that control over those two 
variables is possible during the procurement process. Price 
is in fact not a constant nor is lead time a random varvapeee 
in a competetive bidding environment where the result is 
a contract which specifies the values of these two 
variables. 

In other words, the UICP model treats C and L as Knows 
values, and proceeds to solve for Q and R. However, when 
the procurement section proceeds to solicit bids on the 
purchase order, Q is fixed and R has already been reached, 
while C and L are unknown until the manufacturers “bide 
are received. Additionally, the item manager is looking 
at only variable inventory costs, while the purchasing 
agent is primarily concerned with the purchase cost. The 
purchase contract is awarded to a "responsible contracucus 
who offers the item at a “fair and réeasonabUewp. ice 
[Ref. 6] which generally means obtaining the material at 
the lowest bid price among the vendors who can meet the 
required delivery date along with the other contractual 
requirements. 

It will be shown in the development of the model 
modification in the next chapter that the lack of an va vena 


annual purchase cost term in the UICP's TVC equation may 
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Zeonilt ine a Mon-optimum solution if unit cost and 
procurement lead time are decision variables in selecting 
the best vendor bid. Procurement lead time is currently 
only a constraint on the lowest unit price bid in that the 
RDD must be met. Reduction in the expected average annual 
Beat COst of stocking an item from that predicted by the 
"optimum" UICP solution is possible because negotiated 
Variations in unit price and lead time can result in savings 
in some variable cost elements eee cost which 


Sievergh increases in other variable cost elements. 


Z| 


Til. THE PROPOSED MODIFICATION OF VIDE ee 


A. DEVELOPMENT “OF THE MODE ict ia 

The modified model concentrates on the stock procurement 
process after inventory levels have been set by the current 
UICP model. It assumes that a buy has been triggered by the 
fact that inventory position has dropped below the reorder 
point, and as a result, the item manager has passed the 
requirement for the buy quantity of the item as well as its 
required delivery date to the procurement section. At this 
point the purchase order has not yet been awarded to the 
item's manufacturer or wholesaler. 

It is important to emphasize that the current UICP modem 
considers the role of the procurement section only indirect- 
ly, using the unit price and lead time obtained from the 
previous buy to update its forecasts for the next review and 
level revision. The model needed for making procurement 
decisions makes use of the UICP total variable costenoa ae 
only now it also includes the item's purchase cost. Since 
the unit price is a prime consideration for procurement 
personnel in awarding the purchase order, the purchase cost 
term is critical to cost Minimization at this Stace agg 
process. 

In addition, Q and R are now assumed fixed, while Geene 


lL are the decision variables in minimizing the = tceta tee. 
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Sarovmme tee tise later point im time during the stock 

mele nmicnment cyele, R must have been reached, or the procure- 
ment process would not have been initiated. Additionally, 
the procurement personnel would not have changed the value of 
Q that had been previously determined. Unit price and 
procurement lead time, however, are dependent on the vendor 
bids which are received as a result of the solicitation. 
Furthermore, the procurement personnel can select the winning 
bid based on the lowest total annual cost associated with 

imeem price and lead time values (given all other contractual 
Specifications are satisfied) rather than just lowest unit 


Price. 


Peace ooUMPTIONS 

The following are assumed in addition to the assumptions 
listed in Chapter II fore Enowenur rent UPGE nodel : 

(1) MAD) is independent of the expected value of lead 
mien Permitting the same value to be used in computing PPV 
Momepcitfterent lead times. That is, deviations in lead time 
from the expected value are assumed to be the same for all 
bid lead times. 

me variations in unit price between bids will not 
change the total purchase cost Couey somubasereally that the 
Semimirstrative cost breakpoint will be crossed; ie, the 


eciimmistrative order cost (A) will not change. 


oe ite simplitication and approximation techniques 
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used in developing the variable cost terms of the UICP's TVC 
equation (the calculation of B in particular)” remaune eee 
even though the expected number of backorders and the potas 
of cycle length during which they occur wi Tl §peo0 ieee eee 
subStantially because of stock drawdown for bidder procuees 
ment lead times which are longer than that used to deétermime 
0 and R. 

Cw THE TOTAL ANNUAL COs Par Cte wre] 

Addi tiony o£ tie average annual purchase cost term (Cage 
to the UICP's TVC equation produces a total annual costo 
tion which will permit consideration of both item managepeeame 
purchasing agent concerns and emphasize reducing the topes 
expenditure of Navy dollars. These expected annual total 


costs to be minimized are given by: 


Aa Dp 


TC = C+4:D + SA T*C(R + oe 


=D Bee 


wile 


The proposed solution technique which will be detailed 
later in this chapter begins byssolvingeit ouaed- Q, R, and 
optimum TC associated with the forecasted C and L values by 
utilizing current UICP procedures. The model then determines 
other combinations of C and L which will produce thatweade 
TC (or one which is a given increment larger or smaller than 
that value) given those 0 and R values. Numerous C and L 


pairs can produce that same TC because of the compensatunme 


impacts on the individual cost terms of the [TC equation 
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Se ccueo  Senecwilen-@ptimamty or Ehe given Q and RK for those 
eond LL pairs. 

For example, suppose that the unit price is the same in 
ee UICP model forecast and the vendor's bid. A bid lead 


“w 


time which is shorter than the L used to‘calculate Q and R 
Mall produce higher holding costs because the R is now too 
high, and thus the expected on-hand quantity does not drop as 
low as expected by the UICP model before the new order 
arrives. However, the stockout costs will be lower because 
of this higher average on-hand quantity. A bid lead time 
which is longer than forecasted lead time will have the 
Opposite effect on holding and stockout costs. 

The effect of lead time on the total cost terms when 


. ; . ; i 
mrme price is held constant for a typical item is shown 


praphically in Figure ina? ites tinrest of two major effects on 


“ 


total cost from holding Q and R constant while permitting 
MeO vary is Seen on the figure. The minimum TC does not 


marrniemct time Lorecasted lead time (100Z on the horizontal 


‘the same item will be used for all figures in the 
Miesis. tlts characteristics are given in Section F of 
emapter II1. 


Suen Shape of the backorder cost and total cost curves 
may vary considerably from the examples in Figure 1. See 
Mmeoeer IV for cost component/curve sensitivity to item 
characteristics in the cost equation. Also, all curves are 
not as smooth as depicted in the thesis figures, because 
procurements are made for discrete integer vice "continuous" 
quantities. The lack of smoothness is consistent for each 
item and does not effect the curve comparisons that will be 
made. 


Zo 
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2000 3000 4000 5000 6000 


JOOO 


Impact of L on Inventory )@cce. 
(Q, R, and € Conseame: 
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TOTAL COST. 
HOLDING COST 





90 US 100 ie ie 
LEAD TIME ( % OF PREDICTED L ) 
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(ys 


Figure 1 


axis) but rather at a lead time between 25 and 50 percent 
fomce lr. 

Micmettecertn Or Untt price Om Ene total cost terms when 
lead time is held constant at the forecasted value is shown 
Peaphically in Figure 2 for the same example item used in 
memore 1. For any given lead time, a higher unit price will 
produce a higher purchase cost, a higher holding cost and 
Mme higher TC. The impact of unit price is linear unlike 
the more complex impact of lead time. 

Pecure > Shows the combined impact of unit price and 
lead time as curves of total cost versus lead time for 
successive increments of unit price are plotted. Each curve 
retains the shape from Figure 1, and the increasing unit 
Meee Shifts each successive curve upward. Cutting the 
curves horizontally with an isocost line (equal to the TC 
value calculated when 6 and R were determined) shows a second 
feo. effect of shifting from Q and R to C and L as decision 
variables. Unlike the unique Q and R solution for a given 
eeand ths a wide variety of C and L combinations will produce 
the same total cost. Unfortunately, using Figure 3 to accu- 
Fately determine the total cost associated with a bid's unit 
price and lead time is difficult, because the vertical axis 
represents total cost (which is to be determined) rather 


@eameunitc price (which is known). Additionally, if a bid's 


MiPees price is not equal to one of the graphed increments 


Za 
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Figure 3 


of C, the varying distance between the cost curves as lead 
time varies makes interpolation of the associated total cost 
date uelae 
D. COMPARISON OF THE TOTAL COSTS ASSOCIATED WITH BIDS 30a 
. PO RNS 

To more easily compare the total costs associated with 
the prices and lead times in vendor bids, a graph of a con- 
stant total cost curve as a function of unit price and team 
time can be used. Figure 4 shows the isocost curve consist- 
ing of (C,L) pairs which produce the same total cost as time 
predicted by the UICP model when Cc and R were determined. 
The rise in the isocost curve as lead time increases, and 
the location of its maximum point, parallel the decline and 
minimum point of the total cost curves InP woupeso. 

This curve permits a quick comparison of bids since 
each bid's (C,L) point can be compared with the others J yupem 
Samal ee 8 point lying above the curve represents a higher 
total cost than that predicted when the inventory levels 
were set and a point lying below the curve represents a lower 
total cost.tham that predieted. 

Plotting isocost curves in Figure 5 for values@erme 
that are 104 larger or smaller than the predicted value sige 
that the curve shape does not vary with TC, but that the 
vertical distance between curves over lead time does. 
This is shown more clearly in Figure 6 which plots the ver- 


tical distance, or unit price difference, over feadwaan— 
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between two adjacent isocost curves in Fisure 93. Secon 
seen that at a lead time which is 254 of the predicted 
length less than a 94 change in unit price will generate a 
104 change in predicted total cost, while at a lead @eaume 
1754 of the predicted length a change in Unviwprreemom 
approximately 14% is required for the same total cost change. 

This non-uniform and nonlinear vertical scale means that 
comparison of bid (C,L) points both lying above or beWow sie 
line cannot be made by simple measurement of their vertical 
distance from the reference isocost curve in Figure 4. 

Plotting several isocost curves for small incremental 
changes in the predicted total cost provides the requires 
detail for comparison of the bid points. Figure 7 sites 
curves at 24 total cost increments above and below the pre- 
dicted total. cost: walte curve. Points A, B, C, D, EH, ange 
represent the (C,L) values fap six hypothetical bidder 

Bid A has a unit price only 93% as large as the predicted 
C, and a lead time only 804 as long as the predicted L but, 
if chosen, it should give the same total cost as predicted 
by the UICP model. Bid B will result @ne the hichecee ee 
cost among the six bids, as its 14 hisher=than—=predqmered 
price and 204 shorther-than-predicted lead time are expected 
to produce a TC that is 84 higher than omelet Bid C Hie 
an expected TC which is only 44 higher than@prediee ue 
although its C at 1034 is higher than By becauseum? culemam 


100% is also longer than B's. Bid D has the lowest expected 


34 


Grae rormiectermining theyiC Associated with 
Bidwey La Pairs 
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TC among the bids as its 954 C and 1154 0 sito wap gee 
TC that is 84 Lower than predicted. Bid £ Ss 0027 uanqu 
L produce a TC that is 44 lower than predicted seiner 
a slightly higher TC than Bid D despite being the lowest 
point visually, as its 884 C and 1554 L produce asaae7 
Ci On ene Ue 

The costs associated with these bids tend teed, 
intuition, particularly for bid E, for which a higherewsqeme 
predicted unit price and longer-than-predicted lead time 
still yield a lower-than-predicted total cost. The reasons 
for this result will be disctissed an Chapecra. = 


E. ALGORITHM FOR CALCULATING THE ISOCOST (Clb) Ral ie 
CURVE 


(1) Compute Q, R, and TVC using the UICP model anda. 
has tor wed “CO oad wae ose 


(2) Add the associated purchase cost value (C°4°*)) a. 
tie “TV Gvtoe 20 Dita an ace 


(29%, “Serer t: <a trey bs 

(4) *Caleulate- the new 2. 

(5) <Calculate the new PPV. 

(6) Calculate the new EBO, swhich yuelas Bee and Be 


(7) Holding TC constant, substitute the new ean 
values into the TC equation and solve for Cleaie ieee 








N}O> 


4°) + (2 See eee 


(8) Repeat steps 3 through 7. 


36 


Be AN EXAMPLE CALCULATION 


Lowiwlicsthaee mow tne Pageost Unit price and lead time 


motes are determined, consider a category A item with the 


following characteristics where C and L are based on previous 


meocurements: 


Ca 3 100 A = $380 

PD =O snes MAD) = 2.5 units 
Le ee oe) ee Se MAD, eee: Ot mS. 
5 = 1 B= .5 

ie 3 oe 0 


The UICP model determines the following: 


Q =o eines R =o Un ves 

E =U oS PeGmem: O27. units 
OALE 

Bees Ol uni ts Pej o2 67 7 Cun Gs 


mmeeem result in the following expected annual costs: 


Smdere cost = $3568 
HOMMbmniCmmegs tl — ole! 39 
peerorderecost = $1] 

Orc weveariey le cost = $1,518 
Purenhacse cost = 535,200 
EoOtalsannurruncoste= $4.718 


hosoumiae a new lead time of 10.5 quarters, 


Gike COSTE 


factors directly affected by lead time must first be 


meecealculated: 


ee ae ole 5) = Sf unt ts 


om 


PPV = L( 1.57 Hives > D*(1.57°MAD, “) 


5 
= 10 SiG. S 7 ere + 3 (is7 eons 


Seen. 7 |, wlelaiiec 


EBO = | 0 Are 7 o[ AS | ; 


| as Z) 0 | RO a | Rae Z| 0 Roe Z| 

/ PPV / PPV - ape / PPV 
a 112 - 84 (ioe eee, 

= vars, 2-84] - o[, 611.71 4) . 


[Poe 3a 54) 6 113433 84] 
ft eal V 611.71 


| ieee B41 9 oa 84] 
Y 611.71 Seimei 


= Dayo ini ts 


BEBO 5 oo = 
aa 30m sa ee a 1685 
ie 2 ee 2 , 
B = eee = 7 (+ 168) = .468 utits 


Simple rearrangement and grouping of terms in the TC 
equation results in the following equation for C: 


Ae4+D _ E+deB 





eee aO a 
~ = tape aa CRotOn= ee aD 
2 
458) 
_ 4718 - 368 - (.5)(1500)| 1 
= 32 + .23(95 + 33 = @l0s5)G =a 
2 
= 05a 
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itemeapected total ~cost terms are mow calculated to be: 
Gaderweoste— o506 
Po ldaatencoctwe— polo 
Dacwordear ne@ge =) 5351 
loca levariagaplewcest = $1,346 
Pues COS = 9b 5,570 
mema total cost of $4,718 as before. 

The longer lead time has decreased tne total variable 
cost by eating down the on-hand inventory and thus reducing 
meameerea holding costs to a greater extent than the concur- 
rent increase in the expected number of backorders has 
increased expected shortage costs. On the other hand, the 
higher unit price has increased the purchase cost as well as 
moderating the reduction in expected holding costs resulting 
from the longer lead time. As intended, the total expected 


meats remain the same. 


See IE RNATIVES FOR BID EVALUATION 

ites total cost resultins from the unit price and lead 
time of each bid represented by the points in Figure 5 
@omed be calculated and then compared on a direct dollar 
Dasis using the same mathematical approach. To do so would 
require the use of a computer by procurement personnel rather 
than just a ruler and pencil as would be the case if standard 
graphs such as Figure 7/7 were developed for stocked items. 


Chapter IV will examine the applicability of a given set of 


9 


ne 


isocost curves for the comparicsenmon 





whose demand rate, forecasted lead time, orm 





istics vary from those of the example item. 
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Perot Sc uss LON 


cc tone or THE MINIMUM TOTAL COST POINT 

The minimum total cost for the item examined occurred at 
a lead time longer than that forecasted at the time the order 
@Wantity and reorder level were computed. The risk of stock- 
oe, Or ae increased with the lead time, but at the minimum 
cost point it was still below the maximum value allowed by 
the UICP model for the item category. The reason for the 
longer lead times producing lower total costs can be seen in 


mecure |. The Ee used in calculating 0 and R is so small 


1g te 
meee cvo } that the backorder cost term is of very little 
Mmenimrmeance in the UECP'’s “optimum' tetal cost ($11 out of 
memeyio), Ihe bulk of the TC (aside from the constant 
purchase cost) consists of the holding cost. 

The high holding cost immediately and rapidly decreases 
meem ats $1,139 “optimum value as lead time, and thus the 
expected lead time demand quantity, increases. On the other 
Mand, it isn t until the lead time approaches a 254 increase 
over the forecasted value that the increased backorder cost 
term becomes large enough to counteract the holding cost's 
decline and cause the total costs to level off and then rise. 

The reverse effect is seen for lead times shorter cee 


mies predicted length. The backorder cost offers little 


in the way of savings as the expected backorders drop towards 


4] 


zero, while the already large holding costs rapidly increase 


due to the higher average on-hand stock quantities. 


B. EFFECT OF LONGER LEAD tities.) Pout AND SMA 
Figure 8 shows that the reduction in total cost produced 
by lengthening procurement lead time for an item (when Q and 
R are fixed) is accompanied by an exponential increase in 
Bee MOS items examined showed similar reductions in total 
costs at longer lead times until the value of pee reached, 
or in some cases considerably exceeded, the maximum Powe 
permitted by the UICP model for that item's category. This 
indicates that even if the UICP constraint is used in se vemua 
ing the lowest cost bid (C,L) combination, it can be expen 


that the average Ee for all items in each category %am 


Lit 
approach the maximum value allowed. This overall increase 
ah Lene means that a substantial drop in SMA wil) e@eemee 
Using the CARES computation for SMA in Reference 7 —- the 


number of requisitions satisfied immediately divided by the 
number of requisitions received for the item - the SMA for 
the example item would be computed using the following 
formu la- 


For one item, 


|= 
I 


avin = es RE 
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P—OUT;TC=% OF OPTIMUM TC/100 
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ee 


Ea oni eens 


where 
W = Requisition frequency 
RE = Requisition effectiveness 


snesoff 


ee 
CO) aos 


At the UICP “optimum” solution, the associated value Gf ware 


is computed to be: 


—_—— 


4-32 fg) 


100 So5 OK seu 


Sie 





88.8% 


At the minimum point of the TC curve in Figure 1, where L 


equals 1302, 


| ae (8 
SMA = 100{1 - he 33m 8418) 


Since TC at the minimum point is equal to $4,460) 
Savings in expected annual total cost for the item has come 
at the expense of a 35.44 drop in SMA. 

The value of the Loe is 0.1164 when L is equal to 1304 


of the forecasted L. This value is considerably under any of 
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Pier tHwecatesory maximtm values allowed. Therefore, a further 


Seoistrarnt--on re should probably be imposed if the CNO goal 


we 
of 85% SMA is to be met by the new model. 


ee eve AR wr eOF AN LSOCOST CURVE TO MULTIPLE ITEMS 

The percentage units on the &xes of Figure 7 permit it 
morpe used in determining the least cost bid for items with 
weeterimeg predicted lead times, unit prices, and total costs 
as long as the differences in these and other item character- 
istics are not so great as to change the shape of those 
isocost curves. However, Figure 9 shows that the shape of 
the reference isocost curve is quite ~?nsitive to differ- 
ences in forecasted lead time betwe me as L changes 
for any given item. As forecasted L increases, the maximum 
mom Of the curve shifts further to the right and the curve 
flattens out. The height (C value) of the maximim point 
declines somewhat as well. 

Figure 10 shows the similar but less pronounced impact 
Mme ne isocost Curve's shape produced by differences in the 
average quarterly demand rate among items. 

ivemetfecre Gr anwitem Ss Unlt price on the shape of the 


bid reference curve is depicted in Figure 11. The curve 


tn Pretimes so staurotche 1a only the specified item 
@Maracteristic varies between the items used to generate the 
mmc o. For Pietre 9 , for example, this means that D, C, 


MAD), and MAD), Beomencecanemtor all 3 1tems. 
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declines more quickly for less expensive items as lead time 
becomes more than 254 greater than forecasted. The abrupt 
endings of some of the isocost curves are a consequence of a 
minimum constraint of zero placed on average inventory on- 
hand in the thesis computer program to prevent the model from 
generating a perpetual backorder solution. Once the average 
on-hand quantity reaches the zero constraint holding costs 
Smet be further reduced and thus total costs must rise with 
the increased stockout costs associated with any further 
[mierease in lead time. Since an isocost solution is not 
possible past that point the curve terminates. 

Figure 12 shows that the shape of the isocost curve 
is relatively insensitive to differences in MAD). 

Figure 13 shows the considerably greater impact of 
differences in MAD, on the curve shape. The lower the MAD, , 
the faster the curve peaks after the forecasted L is passed, 
and the smaller the range in unit price that can produce the 
Same total cost over the range of lead times considered. 

mee rolre siaAssanoOwn In isolation the impact of each 
@eman item s characteristics. The combined impact of differ- 
meres in the characteristics among items is likely to be 
considerably more complex, and should be studied further 
before the range of iene that may be evaluated by one bid 


@emparison graph can be accurately determined. 


49 


UNIT PRICE (PERCENT) 


Sensitivity of the Isocost Curve Go.) Horeds peau 


D 


: 
\ 


LEGEND 


110 


100 
eee 





) 
a MAD—D + 50% 
MAD—D — 50% 
\ 
2 : : 
2S BO Ts 100 Zs ise ys 


LEAD TIME (% OF PREDICTED L) 


Figure 12 


50 
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D. RECOMPUTATION OF 0 and R 


“A 


io Pi xed and R 

In the ecurrerte UTC pod eu Q aa Q are fixed for me 
current procurement action, and to a considerable extenmtueem 
the next several procurement actions as well. The procure- 
ment contract lead time is added to the UICP data base, but 
an exponential smoothing method is applied in forecastimemeage 
lead time value used in determining R, ais R does not 
change significantly as the result of the lead time associat= 
ed with any one procurement action. SPCC’s databace 
containing the unit price value used in computing 0 is only 
updated annually and thus 0 would not be expected to change 
for at least six months. Manual overrides to this practi 
are possible of course, but the percentage of stocked items 
to which overrides can be applied is limited because of the 
large quantity of line items managed. 

This does not mean that the model will not react to 
the longer lead times and increased stockouts incurred in 
the effort to reduce total costs. R is not fixed Waiirie 
long run. It will be adjusted by the UICP model to raise 
safety stock levels to compensate for the longer lead time; 
that will cause an increase in total costs. For exanpies 
Suppose that a 304 longer lead time was contracted = ton aag 
actually met by the vendor, and that unit price was the same 


as the forecasted value. To permit the ellectcuol waa. 


change to be seen more rapidly, it is assumed that the L 


2 


iocd= in setting R rete Cemetew bast procurement action 
rather than an exponentially smoothed or other averaged value 
Pmaone prior procurement ee For the example item, the 
model would set R tee wines aneeemerease of 19 units) and 
the resulting expected total cost would become $4,741 (an 
increase of $23). During the next procurement action the 
procurement section would attempt to contract for an even 
ifemeer lead time to again reduce the average on-hand inven- 
meme (and thus total cost), and the UICP model will 
subsequently further increase R as this longer lead time 
enters the forecast. If the item remains stocked in the 
system long enough and this cycle of increased L and R con- 
tinues, the long term result will probably be higher total 
costs than would have resulted if the lead time had never 
been adjusted to lower short term costs. These progressive 
increases in lead time, reorder level, and expected total 
cost are illustrated in Figure 14. 
Be. Fixed Q, Variable R 

A possible method of breaking this cycle of escala- 

Mmeom lieS in expanding the current practice of adjusting the 


forecasted value of L at the time the procurement is signed to 


include immediately recalculating R as well. A vendor bid 


tit iiemcunrentummractice used by SPCC to compensate 
for shortcomings in the model's responsiveness to manufac- 
turer delivery lead times which vary significantly from 
forecasted values. 


DES 
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Pde wmmcomevaltated on the basis of the total costs 
Pececiatad with the R that would be set by that bid’s lead 
time, not the R in use at the time the bid was received as in 
Miapeer Lil. ft this procedure were used the optimum bid 
lead time for any unit price would be the shortest offered 
rather than the longest. The UICP model would reduce R as 
less safety stock would be needed to obtain the same protec- 
Eion, The holding costs. would decline due to the lower 
average on-hand inventory as would the total cost. This 
aeecet 15 shown in Figure 15, which assumes that C is fixed 
Manmeerneretore tirat QO is fixed) and that the lowest bid L is 
mee below the forecast. 

The reduction in total costs associated with shorter 
lead times is even more pronounced if MAD) is also recalcu- 
lated on the basis of the bid lead time using the SPCC power 
Pile method of forecasting MAD's. 

beer Variable 0 and R 

Since the unit price submitted by the vendor in each 
Pagers the principal criterion for bid comparison in the 
Peesent system, it seems logical to use the bid C to adjust 
0 when evaluating total costs associated with the bid, as 
with L and R. Figure 16 depicts the costs associated with 
bad) (C,L) points when the 0 and R used in the TC computation 


are those determined by the bid (C,L). A lower unit price is 


meme associated with a lower total cost, as it was with 
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the fixed 0 and R for that same item in Figure 3. MAD, was 
permitted to vary with L in Figure 16, using the power rule 
method of computation. If MAD) is held constantwac (ee 
quarters, a point is quickly reached past which R ceases to 
decline significantly as L shortens because safety stocks 


are now being held for protection against the increasing 


percentage of uncertainty in the expected lead time value. 
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Pe SUMMAR  AND CONCLUSIONS 


pee OUMMARY 

Chapter II presented a brief overview of the purpose and 
underlying assumptions of SPCC's UICP wholesale consumable 
procurement model. The model's total variable cost equation 
and its optimization method were presented, and it was shown 
that the model determines the optimum order quantity and 
reorder level for an item based on that item's forecasted 
fPecelrement lead time and unit price, along with other fac- 
Mees Sich as the item's demand rate. Finally, the limita- 
tions of minimizing only average annual variable costs 
Mapemout considering the effects of the annual purchase cost 
and the control over lead time and price in a competitive 
india 1 ng SPARS were discussed. 

Simaprer lil developed a total cost modification of the 
Pee model by adding the purchase cost term to the UICP's 
Iieequation. A change in the decision variables from Q 
and R to C and L was explained, and the effect of differences 
in C and L from their forecasted values on the various terms 
@ueene total cost equation was demonstrated Sima pmweal ly. 
itemailgorithm for determining A 4058 EiewG said COMmbinations 
which would yield the same expected average annual total cost 


for an item was presented. 


Do 


Finally, a methodology was developed from that algor@enm 
which could be used to determine the lowest cost bid on the 
basis of comparing bid C and L values. 

Chapter IV discussed this methodology and the reason why 
the average annual total costs could be reduced By cChanceeuaam 
procurement lead time as part of the competitive bidding 
process. It was shown that if the order quantity and reorder 
level of the item are fixed then a cost savings can be obtain- 
ed through reduction in average stock on-hand by making lead 
times longer than the forecasted length. It was found that 
those savings with fixed 0 and R came at the expense of 
greatly reduced SMA. The shape of the isocost reference 
curve developed to analyze total costs associated with bid 
(C,L) points was found to be highly sensitive to variatione 
ie) Elves aetem < ARERR rate, unit price, forecasted lead time, 
and MAD, . It was also shown that if the reorder level was 
reset immediately upon awarding the new contract, using only 
that contracted lead time, then total cost would be reduced 


by using lead times shorter than forecasted. 


Ba? ‘CONCEUSTONS 

Total inventory costs can be reduced through modification 
of the UICP model and the procurement =p meee wae include 
lead time as well as unit price in selecting the winning bid 
for stock replinishment contracts. The methodology developed 


in Chapter III does not appear to be the best way to 
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fEeaiimer nie total Costs associated with each vendor bid, 
however. The short term savings produced by temporarily 
reduced safety stocks will eventually be more than compen- 
sated for by higher safety stocks and costs in the future. 
ioweronaliy the reduced SMA, although not quantifiable in 
dollar terms, seems likely to outweigh the benefits that 
might be obtained from the alternative use of funds freed 
from safety stock investment. 

Evaluating vendor bids on the basis of minimizing total 
@eets by finding the optimal Q and R for each bid's C and L 
pair appears to be a promising methodology which should be the 
Beipyjecte Of further research. The principal improvement from 
using those Q and R values, rather than keeping Q and R values 
fixed when the procurement action was initiated, will be due 
to the role of L in determining R. The difference in optimum 
Meeror each bid is likely to be insignificant as Q varies only 
Meem the Square root of C. The principal differences in the 
TC resulting from each bid’sCcan thus be expected to occur 
[Pet ne purchase cost term where the impact of C is linear. 

On the other hand, differences in L between bids can be 
expected to have a greater impact on R, and thus the variable 
@eoe portion of TC, than with C and Q. The impact of lead 
Gime will be increased over that shown in the thesis model ie 
MAD, does in fact vary with L as assumed by the forecasting 
power rule. Since the size of the safety stock portion of R 


Memdirectly related to the magnitude of MADD Poy any weerven bh. 
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a shorter bid L will reduce both the average lead time demand 
and safety stock pOremoms Cruces 

This method makes intuitive sense as a faster delivery 
justifies a premium price, as opposed to the lower prices 
(purchase costs) required to offset the increased variable 
costs associated with shorter lead times in the fixed Q and R 
bid comparison method. The variable Q and R method should 
also offer lower total costs without increasing Pere and 
Owen omc. “oT 

The behavior of total cost when lead time and unit price 
are used as decision variables needs to be more rigorously 
defined and quantified. The impact on the magnitude and 
frequency of level revisions resulting from using the most 
recent value experienced for a variable instead of exponen- 
tial smoothing for forecasting when managing a large 
population of items should also oe investigated. 

Finally, if further research indicates that totalecgee 
savings are theoretically possible, a trial program should be 
conducted by the ICP procurement section for a sample gromm 
of items. The additional workload (and possible increase in 
administrative ordering costs) that might resulle (fr ome. 
more complex bid process should be determined. The ability 
of vendors to estimate their own price and production time 
relationship in submitting bids, as well as their acceptammae 


of the modified bid evaluation process, will be (Grieae eee 


62 





LIST OF KEFPEREMGES 


Hadley, G. and Whitin, T. M., Analysis opie 
Systems, Prentice-Hall Ime. jeieae 


Air Force Academy Report USAFA-TR-/4-18, Projeeceeeous 
Feasibility of Price Discounts in Procurement of oe 
Repairable Spares, Austin, L. M., and others, September 
1974. 





Stanford Research Institute Technical Memorandums. tee 


Negotiated Procurement Leadtimes, by G. Hadley and 
Ts MM. Whitin .March oo 


Department of Defense Instruction 4140.39, Procurement 


Cycles and Safety Levels of Supply for Secondary Items, 
Oh yet ee Oe 


Fleet Material Support Office Report 148, Evaluation 


of a Proposed UICP Levels Calculation for Consumable 
Ttems, by €.<<de5 Bondi. “oma cee 





Federal Aquisition Regulation (FAK); Vol > isto 


Naval Supply Systems Command Publication 553, Inventory 
Management, 1984. 


64 


WHLI AHL JO LSOD ASVHOUNd IVWANNY HOVUYSAVY = Od 

MSIY GHNIVULSNOONN = d 

NOLLVYVIONG AIGVINVA NI GENIWYYLAG-VLVdG LONdLNO JO NOILVNILSAG = LnNo 
LSOD ONIYAGCUNO AAILVULSINIWGY IVANNY YOVYSAY = DO 

GAIL GVWAI JO NOILVIANG ALNIOSAY NYAW = ICVW 

GNYWAdG JO NOILVIANG ALNIOSEY NVYAW = CdaVvW 

(vce LING soe In SOD) ENO looms — ahr 

GALL GVA LNAWYYNDONd = 7 

(OUXH NI GENIANG SV) UALAILNAGI AII14 VLVdG Indino = ¢& 

NOILVYUYVIONG WIGVIUVA NI CAN Eas WLVd INdNI a0 BDNNOS = N 
(UVAA UNd ADLYd LINN AO NOILOVYA) ALVUY LSOD ONIGIOH AYOLNAANI = 
LSOD ONIGIOH IVANNY SOVYURAY = O 

WAIT AITSHS 

(S/d) AONANOAYA NOILISINOSNY 

SHYAIMUNY UAdNO NV ANOANA TSMC SYNCUYONOVE AO UAGWAN GHLOWdKA = 
HLYOM AUVLITIN) ALIIVILNSSSY WALI 

ALVY GNYWAGC ATYALYYNO AOVYAAY 

WOIYd LINN 

SYAGNONOVA AO LSOD IVANNY SOVYAAY = 

ANIL NI LNIOd WOCGNVY ANY LV GHYYNdCNONOVEA SLINO JO UNEWAN GALOFdXH 
GNVH-NO NOOLS JO ALILNWNO AOVYNAY = I 

YAqNO NY ONIOWId JO LSOO FAILVULSINIWAY = 

¥xyeyexxyxxeyeyxe SNOLILLINIANGC NHIGVIUVA xxx xxx xx 


-O 


© 
CoeMOMQOAW wo HH 


ea Staal 


MRE KKK REE RRR RRR K EKER KEKE KEKE EKER KK KKK KKK ESKER KE KEKE KEE REE RENE 
‘WWHYOOUd SOIHdVYD VY HLIM SHAYND LSOO JO ONILLOId YHLvI wou 
JdxXad AHL NI GHNIAdd SY SHIId VLvd OL VLy¥d LS00 CNV ‘AOIUd “ANIL AVA 
SHLIYUM GNV ‘TISAN'T YACNYOUN YO ALILNVNO YHdHO NO SLNIVUYLSNOO YAILOY 
ONIGUYOXY SHOVSSHW ONINYVYM CNV VWLVdC LSOO WHLI AHL SHLIYM ‘SHIId VLVd 
MSIG YUHSN WOYA SAVEUY WVYHDOUd HHL ‘“SHNILNOUGNS 'ISWI AHL Sdvo'l CNV 
Sa'ITId LNdLNO FHL SHNIAad HOTHM A OdXa NY Ad GHLVAILOVY SI WYdoOudd 
AHL “GHNIWYa Lad Ad OSV AWW HANNO (OL) LSOOOSI AHL dO AdVHS AHL AN 
ie WAWIDdO NO SOILSIYSLOVYVHO .S,WHLI AHL dO ANV dO LOVdWI AHL 
VON Hawi obeys eb JomadOdd TIM HOIHM AWIL GVa1 INAWaYNDONd ANY 
xHOTUd LINN dO SNOLLYNIGNOOD YHHLO SHNIWYALAd WYuo0ud AHL daLNdWoo Nddd 


KKK KK KK * 


¥ GHAVH OL GNV “UY WOWIDdO HHL HONO “€SS adhd dASAVN dO € YALdVHO NI 
+ GHNIVLINOO SV 'IHGOW LNHYWHSINA'Iddaed SHIGVNASNOO YIVSHIOHM dOIN AHL AO 
¥SWHLIYOOIY AHL SMOTION LI ° WHLI AHL ONINOOLS dO LSOO0 ‘IVANNY HOVYAAYV 


AHL GNY IASI YsSauNOsYN AGNV ALILINVYNO YaduHO ‘IVWILdO AHL SHYNIWYALAC 
y NHHL GNY AIIA VLIVd VY WOU SOILLSIYALOVYVHO S,WHLI AYOLNYANI NV SLAdNI 
x HOIHM YX'TIdWOO AIALVYM AHL ONIZIITIILA Wydoodd ‘TATLLOVYALNINON W SI SIHL 


EERE RE KEK KEKE REE KEE REE KEKE ERE KERR EKER EK EKER EEE ERE EEE KEE E EEE ES 


* 
See foe SCeQOOOOOOCOCOCUODOOOUOUOCOOODOCOOOOOUODODODOCOOOUO 


SINIOd (19D) LSODOSI ONILVYANAD YO WVYOOUd UALNdWOO 
YW XIGNAddv 


65 


[ 8 [=A Or oa 

Gc9 ST =VCdNV' 

“VOT GONVY O€ SHNIT NI AOVLVG dO SZNAWNOYY ONTTTVO 

NI AWYN ATAVIYVA AWNOd HLIM VOaWV AOVIdad, VCdWV)] ALVA IVAd 
OlPdas Ate NOrlINiOS LSOOOSI NO \'OLa TOWN GaQVW @ 5) Soran 
-YHLOVYVHO WALI NI SNOILVIYVA dO LOVdNI AHL ONINIWVXaH YOH dood] 


. Ofl OL OD) ( O0l aa 7 LON ae 
xxxLQdNI JO NWAIOD LSYIA NI _ANTIVA ‘IANIDNGS ATI4-4O-GNaA YOd AOAHO 
S"“I0YN GQVYN’ T° 1°H' 3 d 0 WelOSGP NI) Gvad 


xxx ATIA WOUT VLYd LOdNI avay 
( NYOSUIO,) SWOLYA TIVO 


_S9/iN0'/P/NI __ WLV 

ee ee yood’dod‘d  =NoIsiogud alanod 

_ oe A‘ A'X'XX’M"UNUWM ‘ONYYM ‘OONNYM ‘INO’ fC‘ NI U3 4 HFQFLNI 
WVAdT 1Z WIA VOL VOd “yoo VI'WO'2Z'OAL'OL’S'LYHY Y GVO IT d Add 
LNOd ‘NIWd ‘“XWWd’Od‘'d’O0 10YW’ GGYN ‘VENI’ T'I’H’a’s’a’o'W TVA 


VeExyeyuyve yey eeyeyy SNOLLVAYVIOEd AIGVIAVA se4444 45 yee 


("OLE ‘WOL’WI’vo ) Wvus0ud AHL NI GaNIWYRLAC/aasSn 

TIVILINI ANIVA FHL FADIA AIGVIUVA LVHL YOd ANIVA IVOLOV/GHLOAdXA MAN WV 
SV LI SHIAIINAGI SWYN SIAGVIYVA ANV OL ,V, ONIGGY -_ ALON JVYANAD xx 
UNUM ‘ONUMVM ’OONUYM “UU 

MUASN AHL OL SHOVSSAW ONINUVM/YOUUA ONILVYYANAS YO SHNIVA TAHNILNAS xx¥ 


2 40 ANIVA UBOALNI GHAGNNOY = 12 

(ALILNWNO GNYNAC AWIL GVaI NYAW) ATIAVIYVA WHIGOUd LNAWHYNDONd = Z 

dOO1T NOILVIUVA AWIL GYVST YOd LNAWHYONI UHOULNI = A 

FOUSS a AMOOALWO GNY AGOO MUYVAN WHLI ONILIYM YOA UALNNOD = XX 

SHAUND LSODOSI) dOOT NOILVYIYVA DOL YOd LNANAUYONI YAOALNI = X 

AAUND HOWE YOOX GALVYANED SLINIOd LSOOOSI JO YAAGWNN AHL YOA YALNNOD = M 
DL AGNV’LVYHY’LYHO NO SOILSIYUSLOVYVHO WALI 

NI SNOILVIUWA JO LOVdWI ONILYNIVAR dOOT YOd LNAWHYONI YHORLNI = 

LSOO SH 1avItVA IVIOL IVONNY sovdaty = OAL 

Habl Gib ONEIOOLS JO S00 Iv On Tam y gd om 

GNYWAG AWIL GVaAT NYAW JO NOILVIASG GUYVAGNVLS = ODIS 

NOILISINOAY Ud SLINN JO YUAEWNN AOVYRAY = S 

THAR] UAGUNYONY GANIVULSNOO = LVHY 


THAXT YHCHYOdN CGHNIVYLSNOONN 


ALILNYWNO YACNO GHNIVULSNOD TYNIA = LWHO 
ISAS1 UAGUOUN ALNdWOO OL GASN ALILNWNO_YACUO GHNIVUYLSNOD = TILO 


ALILNWNO YACUYO GHNIVUYLSNOONN = O 
AONVIYVA WH TdOdd LNAWHYNOOUd = Add 
MSIY CGHYNIVYLSNOO = LNOd 
LNIVYLSNOO ASIY NOWINIW = NIWd 
BNIVYLSNOO ASTIY WOWIXVA = XVWd 


¥: 


© 


¥ + 


© 
OHnOOOUNe Tse 


OQOOUVDO0OD OOD VDOOOOCOOOUOUUeS eee eeeess= 


66 


(OORT eiL bo EkAOd 1 Go) vy) ALOedalyo 
(SOo9’LNO) ALIYM 
O00 OS0L = ¥ 
7S OL O9 (°O008 AIT’ TILO#9) dI 
, ATIONIGUOOOV ALNAdWOOWY 
NHHL ’HUYOW YO O00’SS SI 50g IWLOL JI, GS00 Ysquo NIWdvy psnrav 
ONYYWM IILO’LNOd’I’d’O’v) ALO TIvd 
v4 ALISGNYNO YAQGHO WOWLLdO FHL NIVULSNOO GNY ALYINDIY 


ANNILNOO 
iio 
Sy olmoo 
NIWd = Eee 
C7 OL soos NING ii -doW )- Al 
€F OL O09 
XVNd = LNO 


((aeanvadiivey+(oetsa)) 7 tSstea) = a 


xxx MSIY NIVUYLSNOO/ALVINDIVO 
ANNI LNOO 

hie CimOo 

(oz9’LNO) ALIYM 

TER ChieeS 

(OT9’LNO) ALIYM 

eeere moo 

/(099’INO) ALIYM 

Muse (oO Cea ce Tem olO. 


ALILNVNO GNYNAG AWIL GVa1 JO NOILONGIYLSIG TWWHYON HO NOILdWASSY UYOd 


SLINAWSYINOUY LAYWN LON SHOd VLVYd GNWNAdC AI ADVSSAHNW WOU eS 
Lo: 
f f f f f f f f f f (XX | ENO 
Wud’ 2Z’S’Add’NIWd ‘XVWd “TGV ‘CAVW ‘VWddnNvT’T’I a ’d’d) ae ey 
% % $f AONVIUVA WHTGOUd LNAWSHYNDOYNd AGUNV AIEVIYUVA 


WH1dOUd INEWAYNOONd ALVINOIVO'SHNIVA GALVIOOSSV/900 WALI ANIWYALAC 


S ‘TOWN GdvW ‘TI ‘H's ‘d'O’W (os9 / 100} ALIUM 
S?9‘INO) ALIYM 
xxx IVNIWMAL OL WLVd LOdNI ALIUM 

ANNILNOO 

00S + VdENWI = VGENvT 

Zi euOl, OS 

VCENV1¥2 = VGN 

Itz oL 09 (9°a0°A) al 


eG) 
¥*H 
OS 
¥*% OD 
OD 
CV 
CV 


C? 


OV 

S| 
ae 
2) 

Ze 


ee 


67 


(o89’LNO) ALIMM 
TVWNIWUAL OL VLVG LAdLNO YOA ONIGVAH ALIUM 


ieee ol 
(X¥T° vey ) + ot 
xxx% (dOOl AHL AJGISNI AMVA TTIIM T CNV O ‘CaXIa auv WHY GN LYHO y 


¥¥¥ SHAYNO LSOOOSI AIdIDION ALVYYNAD OL LSOO AYOLNYANT ‘IVLOL AUVA 


1083 | BuO. ALIUM 
gnNoda (S19! ALTIUM 
ee LVHO/Oda=LNno0da 
OL‘ OAL’ DOG ‘OH’ a’ Inod’1‘D (049°InNO) ALIYM 

cee SS9‘INO) ALIYM 
Odd ‘Add’ ino0d’d‘O'VddWVT’ OAL’ IVHY’LVHO {O€9’INO) ALIYM 
G79’LNO) ALIYM 


xxx IVNIWYAL OL VLIVd LSOO/YadYO GNVY ONIGVSH ALIYM 
Jd + OAL = OL 


vee? = Ud 
($‘D0d ‘DH‘'D0 DAL’ LVHY ‘LVHO“VOEWNVT‘T'1‘a’d'o‘a’v) LSOOAL aes 
ree oF LSOD IWLOL ‘IVANNVY SHOVYAAY GNVY JZLSOO ASVHOUNd TIVONNY 


reeeesovdaiy S00 AIAVIAVA IVLOL IVONNY GOVaaAY FE aides 


(q’LVHO’ eee TIVO 
O - WWIL NI 
INIOd WOGNYY ANY LY SUYACNONOVEA AO UAAWNN ee FHL ALNdWOD 


(7Z9'INO) ALLYM {7 04 Og’ CONyYM) AT 
(OONUYM ‘2 THEY J1L0 "fH H’ On ale 


¥¥¥% (LVH sau1L) NIVULSNOOD 
629 200) SLIM (6 On INN vMy at 
8Z9’INO) ALIYM {2° OO UNYYM) I 
L£Z9’L0N0) ALIYM (T°OS UNUYM) AI 


¥¥y¥ U OL GalIdd¥Y SENIVYLSNOOD YOd JOVSSAW Se ce ALTUM 
(YNUYVM‘H'C’Ods’ 2‘ LVHY' TILO’‘Add‘INOd) IATY TIVO 
x¥¥x¥ THAR) AddYOdNY WOWILdO HHL NIVALSNOO GNY ALWINOTYO 


AONILNOO 
(679 200). Shri 
85 OL O9 
(229) 10). aan 


(1 ¢9 ‘3n0) ALTIUM 
ONYWM’(8S_ 4S°9S"SS) OL OO 
x¥¥ O OL GHITddY SLNIVUYLSNOD YOA FOVSSAW ONINYYM ALIUM 


¥¥¥% O 
J) 


COL 
¥¥¥ O 
+ 4 oe 


68 


(G¥OIMd LINN GNV AWILGVAT YOA SHOVINAONSd NI SI WLWd) xxx O 
*¥x€OSAUO OL TOSAND SH'TIA VLVd OL VLYd LSOO IVLOL/AWILGVAT ALIYM x*% OD 
INOd ‘Wod‘00'OH ‘DOE VOL VIVO (OOL‘ INO) SLIYNM 
xxx IWNINNAL OL WLVd LSOO 'IVLOL GNY ‘/SWIL GVST ‘'HOIYd LINN ALIYM ¥¥% O 
5 
Voda rte Oh = VoL 
VOr G27 — vod 
(e4aOc oH 400 VOC Lvia ivoO VadhNv vil f Sd Vo @ ¥). fSOoAL, Ii1v5 ; 
FAOGY SNOILVLAdWOO AHL NO NOWHO WV SV AOIYd LINN MAN AHL ONISN xxx O 
WOL ALNAWOD NAHL ‘SWHYAL LSOO WIGVIYVA YOA SHANIVA MAN ALNdWOD xxx : 
(IV¥1+dxt )/(S/dxVGGnV1+d-LVHO/dst?+V-WOL) = WO 
SOlmae Leo LQ" qT" fw) a1 
G+ d*WV1I - LVHY + S’°*LVH 2 
xxx ANILGVAT MAN/LSOO IVWNOA HOLVYW OL SOIYd LINN MAN ALNdWOD xxx 
(°Z¥LVHO)/OdH+0dH = 
LVYHO / Od = LNOd : 
) (1Z’LVHY’OOIS’LVHO’oda) Twoodd TIVO 
xxx MSIM ALNdUWI ANY ‘(4’O)d ‘SYNHAGNONOVE FAO YUAAWOAN GHLOSdXS ALNdWOO xxx 3 
| Ze WZ Da) 
K¥X (TWOOEUN NI) SHOUNA ONIGNNOY NOILNGIULSIG SNONNILNOO/SSANTIVAx*% O 
xxx UAOALNI ONILVNIWIITS AG SHAUND HLOOWS OL ANIVA IZ ONIMOTION ASNxx% : 
Za aN oe 
"T+Z= ae (5° oO qD- ZW) AT 
GOWY = ZNAY 
> 
Cra OCe— ooiks 
NOILWIASd GUYVGNVLS SLI GNV ALIINWNO GNWNAG AWIL GVAT MAN ALNdWOO+ x» 3 
a oe 709 | aay 4 ¥ 
S’Add‘NIWd ’XWWd ‘TCV ‘GdVWW ‘ VGaWwT ‘V1’ TI’ a3) NMooumgd Tivo vor 
T=V1 JO 


A a A we ae =e 

: : 9% § eee Od SOT 

x¥¥x% SLINIOd (1'D) LSOQOSI ALVYANHD’ ‘AI - (aaxta’ Pa AWNSSW Vo sSeL. 64 ee OO 
¥x¥x AONGONd OL GHYINOKY HOIYd LINN SYLNAdWOO GNVY SWILOVH'T WHLI AYVA x¥¥ O 


2 
(099’INO) ALIUM 


69 


cobras cNW Ws Gye oa x 
‘ SWILGVaT SSS37 GNVWIG 3aIT JISHS OL GANIVYLSNOO LVHO, ,) LVWYO veg 


(, “CNYWad JO, XT x 
‘ SUBLUWNO ZT JO ALIINVNO WAWIXVW OL GSNIVYLSNOO TILO, ,) BYAWYOF €29 


| a 
(, ‘LINQ SNO dO ALIINYNO WOWINIW OL GSNIVYLSNOO TIL0,‘, ,) LYNYuod cog 


(, GNVW3d JO YALAYNO , x 
XT‘ ,HNO JO ALIINVNO WAWINIW OL GHNIVYLSNOO TIL LVWYOA teg 


( CaLNGIULSId ATIVWYON LON» 
OZ > Z ONY T > 4d -WLVd GIIVANI,’,O,) LWAWYOd oz 


( GSLNGIYLSIG ATIVWYON LONx 
GNYVNSG SWILGWa31 = p > Z ONW € > a - WLVG GIIVANI,’,O,) LYWYOd org 


(,00°OSO‘TS STIVWNON V,’, ,) LVNYOI S09 


( ,GaLNGIYLSIG ATIVWHON LON GNVWACs 
ANILGVaI = S7°O NWHL SSAI SI d - WLVd GIIVANI,’,0,) IVWYOd 009 
ae ame eG Sa aes Se a, el cece x 
ME 2 va Xl | va Xt 2 Va XI 2 La Xt @ Ga XT @ La) WON. Oa 
ANNILNOD O€T 
62 01,03" Vo: 


GNVWSdC ANI LAVYT 


ANNILNOO ttt 

ANNILNOO ott 

ANNILNOO 601 

M (979‘LNO) SLIM 
G-A = M SOT 


TVNIWYSL OL SOVSSAN ONINYVM ALIMM CONV GSSOdWI xxx O 
DNIVYLSNOO IV WONINIW SYOdeadd GHLNAdWOO SLNIOd HO YHdWNN LNNOO ¥¥#%¥ O 


5 
60T OL OD : 
FONILNOO LOT 
LNOd ‘WOd ‘D0‘'DH ‘90d “VOL WT ND COOL ©) sagen 
L a aCnoe X) Al 
Mi Sor 
“OOL be o/7 Voce 
OO fy 1/70 = earal 


70 


ea ear ee ari eae eee te ae th eee SY eee 
XX LNO ddd *¥ 


) 
xxx SHNILNOWYGNS JO ONINNIONG GNY WYYDOUd NIVW JO GNA ae 

CN 
é a a a é J 

a f a / é f f / f é e rd a Ue Sole Ol ect, ‘ = 
Oscar Ost 7 7 0 G4, , O Cla, 2 9H s, oc fae) elon 004 
(,0,) LYWWYOd 089 
(7-98 =LiO@d Galodaxd, . Ss aaiehyon SL9 

f f f f f f éf f f f Cee an ec Ola + 
Mie Ole KL coOba XL €° La XE Pee x 61S hae Su ee 049 

- f f f é é é f é é ( ,ENOd, "XS" ,0d, * 
Omen oom, Xo ,00d, Xi job, Xe .l,; *o 12, Xo: eeinoed 099 

f a é a f éf f é éf a (od eon mony, = 
eee eoOd XO (OMe XS .d, Xo {20Ods Nive gl nO foun 7 en) al Ie sso 

eas Pa, a poe tye 09, SAXT'G° SAMT'S 9A XI" SSA 
Mie va Xl bo bpa Xl Cpa KE Gee XL cc 68 XL Coe een os9 

Z a a f f é f PG Sy TOO OS GAN Va . 
meee eee eG in MG) |, XS (Oe eee ee ee 7 ta en iO svg 

f é éf éf f f f é é f (f° S4°XT'S 64 XID 944 
MG-y O48 XT 2 2a XL CLA’ XL 2° OS XS Ca XL 1c ae ee emo 0e9 
(,°OURZ JO WOWINIW OL GAHNIVUYLSNOO LVHY,’, ,)LVNYOd xe 

, ‘ (, “ALIINYNO, ¥ 
XT’ ,GNVWAG ANILGVAT JO WAWINIW OL GSNIVULSNOO LVHY,', ,) LVWWYOd 829 

ete (, “ALIINYNO, x 
XT’ ,GNYWHG 3aIT AIHHS FO WOWIXWN OL GANIVULSNOO LVHY,’, ,) LVNYOd Lzg 

_ (, SINIGdy XIE Xi mead eae + 

, NOILVNLIS WACNONOVA INANWWYad,’, ,7, LNOHLIM GANIVEINIVW 4d, /XI x 

’ LONNWO, DSOO ‘IWLOL GaLOaIES SV GALWNIWYAL dool,’, , Oa Sol 
,OL IWNOW YO NYVHL SSHAT SI AMNOLNAANI GNWH-NO HOWSHAV, , ,) LYWYOF 929 


OFA, XL Adds XP. GNOds XG d 4% 


( 


DOn One  . V CENIoe cael 


fal 


¥¥x W AYOOALVO SI WALI 
OLE Of OD (9S aoa TON wor 


¥¥x¥% OOO WHLI Ad NIWd’ XWWd’'VGCdWNVT NOISSY ‘°Z dO NOILNAIYLSIG AOFHD 


of NILNOO 
@ieye ea M (T°OW° of 
(207 he rect Aad 
OG? ele Zhc% LO’ sh, LON at 
xxx NAAYOS ONT ING na one 
ANNIDLNOO 


(OZb’LNO)ALIUM (T°OH XX) AI 

T291S+020 4 dU2Zolssiy =. Ada 
TVW * IGYN = LS° - — sigue 
GqvW » GGVWW x 4S°T = dZdIs 


xxx F AGODO YYVW SI WALI 
ANNILNOO 
CEO ce 
(OT ’LNO)ALIUM a XX 
IZOIS¥dxd + Ee = Naa 
Ti =—Tgonre 
GavW x GGWN +x L¢° 2 =dZ5I1S 


xxx € AGOO NUVW SI WALI 
Ole OL O9MC-GL 41 Gy ove ara 


AONILNOO 
| ZC Ontos 
(OOF ‘LNO) Ene (T° Ol: XxaieaT 
"Cee VETOL 442) ¥° 820 2) — ead 
xxx € UO T YOO NYVW SI WLI 
00% 01 °0D) (742 aed lowe ae 
OSC 61702 
Tt = Wg 


¥¥¥ Ad00 AUYVW SI Wawbl 


OOT Ol 09) (S20 i wens an 
P= 

S/S Gea 

Oe eG a 


IZOIS ‘dZ91S’Z’SA‘S ‘Add’ NIWd’ XVWd ‘TAWW ’ CGV“ VadnvT al alt “a 0 OF aa 


en KR HERR REX ERK YH KH KEE HKY 

“WLVYd LOdNI dHL NO ddsvd 
: ANI LOVETT AHL AI HYOWSSAHWN YOudd NV SALVYHNAD OSTVY LI 
x NIWA YHL OL AONVIYVA WaTdOdd LNAWHYNOONd AHL GONV ATaVIYVA Wa'ldOdd 
¥ DNANAYNOIONd AHL LNOMODOLS AO ASIN AIAVMOTTY WOWIXVWN  YOLOVY LSOO 
(,NALI HHL SANIWYALYd ANIGNOYENS SIAL 


¥AOVLYOHS AHL SNUNLEY GNW ‘90D 


S 


XX’ LNO MYA  AAOALNI 
¥x¥¥ NOILVYVIOdd AIAVIYVA 


¥¥¥ oO 


O07 


J 


¥¥% 


O 


MM RE KKK KK RRR KK KKK RANA REE REY HY HO 


TIVNYON LON SI NOILNGIYLSTIG ANVWWAG 
“TdOIN WYdoOud 


QO@eS 


Ve 


vy veNOlivag 1 On. A ley laws Kear = 
KM KK MK MM RM MMR RMR RRM RMR MRM ERR EERE KR EEK EEK K KEK RR EERE ERE EERO 
x “WNWUYODONd NIVW HBL OL KLIINWNO MHadNO CHNIVYLSNOO FHL ONINYNLAY 2 
x “SLNIVULSNOO ALILBNYQO YHCYO WOWIXYW GNY WOWINIW ‘IHGQOW dOIN Sdl'Iddv 2 
¥ NHHL GNY ALILBNYNO YWAACYO DIWONODY FHL SAYLVWINOIVO ANILNOYANS SIHL i) 


KR KKK EEK EK EKER EERE KERRY Be eee ea ae ese oe an Serer Ae Ao ae ae er ier eee Acer A area 
(8 6nuwa 1LL6’ Lnod 1'a’o’y ALO ANT EAOUais 


a 
LOALCAS 

ana 
LYNYO4 OZS 
LYNYOd OTS 
LYNYOd OOS 


‘TIVIMALWN 4,9, AYOOWLVO SI WALI, ) 
|) BYNYOd O€F 
i 
i 
i 


) Ty tua ny AUNOOALVYO SI WALI, 
SIVIUALVN ,WV, ANOOSLVO SI WLI, 
(,SNIVA Add OL GHIIddW NAHNOS HONVIUWA HAISSHOXG, 
LYNYOd OCP 
LYNYOd OL? 
O LYNYO4 OOT 

NYOLAY 


ANNI LNOO Oa 


ry GdOOetavil > Lae 
,»¢ AGOO AUYVW SI WALI, 
T HCOO AYVN SI Wat, 


~ * ~ ~ ~~ %* 
=- —|—- F|-_ -|- -_- —_- -— 


Oe sites 


AONILNOO OPE 
(OZS LO) a 1M i Onm eed 1 
€ = yyH (°O7 LIZ) di 
Le@sOe—aliiia 
O0S°O = XVNd 
O01 OOS ee Ganly 
yy 2 AXYOOREOe Sie Wahl ++ 
FAONILNOO Ose 
Vemoumo 
(OG DMO cnn tT q°XX) dl 
7 = MNd ('°P'LI'Z) AI 


TO°O = NIWd 
OV 'O = XWWd 
OO°*OOOT = YCdNnwv'l 


yxy Gd AYOOULVO SI WHLI xxx O 

OFS OL OF 0(9h fone tO jeer OZE 
PE OL OD 
(00S INO)SLIUM (1° OS XxX) 
LO 10. = Nina 
O€°O = XWINd 
OO°OOST = VaAENvT 

eyy WY AXTOOAHLYD SI Hel exw i) 

OZENOn Oo. © a5ey role) AL OTE 
PE OL O09 
(OOS’LNO)ALIUM (T°OR XX) AI 
I0°O = NIWd 
O€°O = XVWd 
OO°OOST = Vaan 


73 


WM °1Z THY UNA CLSA’ CISA’ LISS CN’ Z’ LYHAIILO Add INOd  BYau 


YNYVM YAAOALNI 


yxy NOILWYVIOANG AIGVIYVA xxx O 
a 
ete ee eee eee Ee ee ee ee eee ¥) 
3 “GOHLYW HOUVHS NOTLOASIA 5) 
¥ YW ONISN LNIOd YACNOAY IVWILdO AHL SALVINDOIVO ANILNOYGNS SIHL O 
YY KRRREXKKKEHHY TAIUM TH a Oda 2 LUHN T1106 Add ind NOSE Se OF 3S SEER reese eae 
t LYVHU' I1LO Add’ LNOd) Win ANI TeeneiS 
LOALCAS 
GNq 
a 
NYALAY F 
LO. =a bo " 
ANI LNOO PI 
€ = ONY 
Ud+¥é1 = 
TL Ob 05 (G7Gr 4ae0 Fl 
ANILNOO onli 
Z ae sie 
CErOl, Oo oe 8 1B AI Gil 
ay 
CEnOnmos o q9 1B AJ 5 
[Lo = up (40 AD) ee 
oe ONY = Wa 
LNIWV = 
xxx UAGDNAN AIOHM OL annoy ¥¥% OD 
ANNILNOO Ur 
((UINOd--1)2941) 7 (Y¥<ds° 8) )tHOSt=90 5 
ANNIGLNOO ot 
LL Oa, Oo z 
(los) 7 (yes ODD OS =o - 
Ol On 65 -(S°O 15° [MOde LON) an 
ONUWM 
2 


pete ONYYM YAOaLNI 
ONaU INEO GOO ENOd Fd acy eavas 


74 


AONILNOO OOT 
OZ OD 


+ 
OT OL OO (100d 110. ool “Oa ol 
Ze OOTS — Odd) TVWOOdH TIVO 
C = X O06 
“Lo + “Pisa = f 


ANANILNOO O8 
OS OL O9 
ANNILNOO OL 
C1Sa = Cals 
FANILNOOD O9 
GOn, Of 
= TLS 
09 OF. 09 (LN0d y 114 a Oda) i 
(IZ XxX’ OOT1S Ti LO Od5 )1voCd saa. 
Cio. 
(6) +(casa+ isa) ) INT oc 
O08 OL OD oe Wt TLSa=Cosa eal OS 
AANILNOO OP 
LZ =ecL.Su 
== Sa 
AANILNOOD OS 
OF OL O9 
4: #2 pony =e Sa 
(GiaZy\ Ls Thies sa 
GWANILNOOD OZ 
. OT OL O9 
O02) Of Cm ne s1100"3 ta “oda) Al 
CZ x 2 Oo Seale ean ) 1 VOU cneel ae 
G’+¥IZ+W INES = X OT 
OF ,OF_0 Ps 1108 %oas oui Oda eal 
(7 Tito Oda) ly eOduamm Jo 
(Add) LUOS = ODIS 
a= 3x 
5 
Z=12 a0 
SHAUND GALLOId JO SSHNHLOOWS NO LOVdWI (IVOOGH NI) NOILNGINLISIG xxx Dd 
SNONNILNOO/ANIVA UAOALNI SAOWHY OL ANIVA IZ ONIMOTION AHL ASN xx 2 
(7) INR 12 
Lea = ae ($°Q°H9'ZWaY) Al 
7) GOWY = ZWHAY 


O = YNYVM 


ee, 


Share LYST ETE ESTEE EEE SE ae LER RESELLER EEA HOD 


LVYHO’ LNOd) GHYONG ANTGNOvaNs 
oat as 

CN 
5 

NUNLaAY 
5 

"T + EVHO = LYHO (S°0O Ho Weare 
5 
(O° TL TI LO deny == Wie 5 

(TI LO) ENIVY —=ieno 
S 
FNNILNOO OT 

CONEY 
SS- Hes 5 So a 

OT OL OD ((SS=Hedy FP) ai te at , 


((Z-LVHu) “oO )TXNWY SS 


7 So Tyne Wed alo! WHO TH! “Gl Tyo 

OONUYM YAOALNI 
yxy NOILVYVIONd AIGVINVA xxx 3 
YK RE KEKE KKK RR EEK REE E LR EE EES REL RES SEER REE ELSES EEE ERE ERPS REESE) 
¥ “AHIT AITHHS WHLI GNY SISAHIT NOOLS ALHAVS NO Gasvd 9 
y ALIZINVNO UWACUO GHNIVULSNOD WAWILdO AHL SALVINOIVO ANILNOYENS SIHL 3 
FREE EE EEE EE EERE EEN EE EE A TD LUE TELO LYHO Hg ERY ELAR SL REPEAL LEH YD 


ONUYYM LVHY ‘II.LO LWH ALOO JYNILNOYXENS 
DOACHS 
GNa 
vO 
NYNLaY 
AANTLNOO ot 
€ = YNYVM 


oon 
STI OL O09 (0°O dD LVHY) AI 
DHY) INIV = [VHY 
"T+ Teusguy (S°0°s9 MWe) JI 
“T’LHY) GOWY = YWAY 
ANNILNOO Om 
Z = YNYVM 


OL Od. Oo tl Z aor > HM AI 
ANNILNOO GOr 
j = “Ta 
SOT OL OD ((d-2+H¥d¥t)  A1° LHY AJ 


76 


¥¥y¥ ATEAVIUYVA NOISIOdYd ATANOG VY HO NOILNAIYLSIG ALIITIAVdOdd IVWYON ¥x¥%* O 
¥¥y AHL YOHX ANILNOY ISWI YALNAYD YALNdWOO SdN YHL SI GYONCWN - ALON ¥%% O 
HERE RAL K RE EKER ERR EERE ERE KEE ER EEE KERR KER EK EEE RES EERE EEK EEE HO 
“OOIS dO NOILVIAXG GUYVONVLS GNV I@ dO NVAHW HLIM GNVWAd AWIL oO 
aVva1T VW NHAIO ‘(X) ISAS YUAGCNO GHSOdOUd VY YOA AIOAD AHL AO GNA AHL O 
LY SYHCYONOVE HO YHAEWNN GaLOddXA AHL SHYULVINOTVWO ANILNOYdNS SIAL J 


ae ee are LEEK EX K RS KEK K EEK EEK EKER KKH HO 
IZ xX 


3991S TILO’OdH) TWOOEH ANILNOYENS 
LOACAS 
CN 
2 
NYALAY = 
900 + DOH + DO = DAL - 
S/YGENVIsd¥d = 90d 
(q + T¥d - LVHY + °S ¥LVHO)+o+I = on . 
LVHO/d*$+*W¥ = D0 - 
S‘O0 OAL‘ LVHY’ LYHO'VYGEWWI' TI’ a’d’O'y Waa 
q’o0d NOISIOSYd AIGNOGd 
¥y¥y NOILLVYVIONG HIGVIYWA ¥¥¥% . 
EERE RRR KR RK RSS XX RX XXX AER RARER ERE RRA MAYER YHO 
¥ ‘CV ODI LSNIGOG HLIM FONVGNOOOV NI LYOHS O 
¥ SNOILISINOAY GALHOIAM-ALIIVIINASSH ‘CALHOISM-AWIL ONIYAGISNOD 9 
¥ THGCON AYOLNAANI SHIGYNASNOOD dOIN AHL UAd WALI AHL ONINOOLS OD 
¥. JO LSOO HIGVIYVA IVLOL IVONNY JHL SALVINOIVO ANILNOYUGNS SIHL O 
aes eet eee a eee To ore Yee ee eee ee MEN ES KKK YK ARAYA YEH HH HO 
(S’900 'OH'D0’ DAL’ LVHY ’ LVHO'VGENVI T° I°H’d’O’'dad’v¥) LSOOAL SANILNOUGNS 
LOACAS 
CN 
a) 
NYOLaAY 5 
(OO000000'0’A) TXYNdG = d a 
Gs J vHOu. inod ¥ 00d = a F 
LYHO’LNOd ‘IVAN 
@ NOISIONYd ATANOAG 
¥¥x NOILLVYVIONG HIGVIUVWA x++¥ 2 
FREER gC CO ae ARIE 9 a re 
¥ ANOINHOAL NOILVYWIXOUddY NY ONISN - (¥Y qd - ANIL NI LNIOd WOGNVY O 


x ANY LY SYHCQUYONDVA AO UAAGWAN GYLOddXA AHL SALVINOIVO ANIDGNOYdNS SIHL oO 


val 


CNa 


NYALAY 

(0°O’OdS ) TXYNY = Odd 
(TVWAd00*%TWV-Tdddo00+1Td+Tdd-TWd)x091S = Odd 
Id4qo - “IT = Ta@aqoo 

(Ta4aqo’Tad) GYONGW TIVO 

tTV4AdO "= "“— = ivaaso 

Bear 1 YONAGN ITWVO 

Gis c/ lds ae lee *Y yos7 oe I = [dd 
CU a7 lkser Wee eo Z O80/ acl 
oe ace a0) toy C HOS? ead 
"C/TU¥lW0- dXa (Td: Z i l=lVd 

O91 - ott + X)eoeie 

D01Se7 (12 = 

GEGOCEGEY Lon ed 


, ) “IO 12 Oda) Dols Jaa acl 
Id‘Tdd’tWd’Tdadoo’Tvdadoo’Tdado’Twado’Ta’ Ty NOISIOgYd 4AIdNod 
xxx NOILVAVION ATAVINVA ¥¥¥ 


O° OAS > Ome 


Cs 


OO 


78 


otter Ste eevitONn LIST 


No. 


Wewense fechnical Information Center 
Samerom otation 
Pelexandria, Virginia 22314 


Defense Logistics Studies Information 
Exchange 

U.S. Army Logistics Management Center 
Pom@eeisecr (Vireinia 23601 


Ewebrary, Code 0142 
Naval Postgraduate School 
Monterey, California 93943 


Associate Professor A. W. McMasters, 
Code 54Me 

Department of Administrative Sciences 
Naval Postgraduate School 

Monterey, California 93943 


Peeurenane Commander A. KR. Solis, 
Code 552d 

Department of Operations Research 
Naval Postgraduate School 
Monterey, California 93943 


Commanding Officer 

Navy Ships Parts Control Center 
Meum: Code 0412 

Mechanicsburg, Pennsylvania 1/7055 


Lieutenant Commander R. D. Gray 


Pwcedarwotrect 
Hudson, New Hampshire 03051 


eS: 


Copies 














tne sG 722 







; model for evaluating rari bids for i | 
nT | | yer ally il Wag , | | | 
UH | oe a 
Fr Mil ki . 
oF) = | 
7 


cptrpcvers| Wi? oe. Ate Vs ee 
Ms LIBRARY PRO ree Fi 


7 
' " = 
se ¢? ‘ 
a P fe 
ye , 
: a Per ar 
, F 
fr) arr Pi SA re - ‘ 
ard F F f 






f ae 
- yh rw ks 
RUE Tete 

hee ActeSah tol fi 



















Weeta as oy 










Cae St A ee ee Hl 
eee} PPh Pia HALAS ye aay as ey ier ig-a cn ga 
apteh BA OM ok EAE Mae ea eo IRA WRShiy et Fis igs ord eee. 
E Pate oe ca ee he ar “ re 

















sates UPL ee ri es 
i JA ed Uae ay) Pac 
Ta iit 








‘ co UST ar ey en marae aaa Vo ith .g vutrter 
Sit acd , hfe eal at Rea te Ber Se ee a eee rs 
E etice P ri Be rue a Chie Pa a Cot ALS ee ee 
PR es & ad yy Pag erie we nad eed 
ot a 






Le a Le 





5 y A Gey are ee ee 7 ae 
aide PA re! rs for bth'y eta AE ofl 
we it a ° 





Mi teas 
Dikendt tt ee Va Sty 
4 SD ewiee ad ae eat we BN 
Leaps ee RO nN he Seat eee 8 y 


a ae p 


‘ee ot a aCe kT Be 
LARD Ta rte RS on 












en et 





























RU ge 0) atari TF a $8 akg 
TM EY 3 slaty egthe oe aie wae et ve 7 
5 wtt Che re re nas coy hes Tre ae a Ce a ae ese J 

Cb hy liaete ay 0 pate eee aa CY ety eo ee) ae s Leas Ty ere wr 7 

UA od 8 oi 9 i PP aa! ee ee ore eee Wie Pheri sie Cn aes Cae ee eee 

eee re td eee era ee bes) od eo peadae res Peter ent Le eee Pe 

Dei ae hor send deh ae Pe 

mt aed Cd Phe ee) ae AT 


poi ad 












Py eee S Fob tp RSA BON tr £09 tn 
ei ee 2 ti re v 






























"E44 x 
fe ee Serra, yd i ae ayy ie ihe Ses 
Te Mr we Mae pase Pe hc awe ee si a Piet 6 ge} 
ee ee ae at) es Fi £4 ORD Met ove ieee AEN HS ree i Pry oat fy 
Cer en Oy er ey a fad ri Ae ¢ a 2 ab “aa | 
fe AT al abel OP TT te ek ed Oy ee ake eae 


Pete iP; 


ot Miele weed 
P Se RL AY ee 


weit reste FZ 





Pam 










CRT ee anes 
el are Ys eae} 
Carey 


ioe teak an 
ree , Siete ie oe 
A 





ee eer UT) ee Re 
e ea Cy crear 
ee wy are aut 

eC ite std a 
























Payoh aaa 
re ee 





is Pili Dia wAA SD Ta 
yeahs eh : 







“8% PP pe vee Pee aad 

> a at 

er ae LP a RW 9 rs 
Peay rei bey cay 4 


Puta ely a 
q Sper at apy 
CaS ees ck a 4 ree ee 
PMA noah Melek Pir fe Ie a A 
Ceo a ee ae Wc Ae Ce F et , C257 pt £ Ch er 9 
Fra) a aie AML 27) tka Cr eae7 ; ? . Perret) Cit meee eh 
ad or Re Oren Pre FEC UCROR r 
ale Fair ue eed Toke Caer we TENS e gle tis, g 
Te ey a) A eae 7 
Bey. 







a al 
a a ee 




















rl Pld 
Ciel oe eos | a 
elation en 2 



















a a ere ee ar 
at a SES rt 
a Ce eee od att Py 
rt} ay J pM gd: “whi, a 
er tee Pe: 1 hae ota aia 
= Fl 
























A 5 Aare, 
ar P aa ' ¢ t i q 
’ aap fis 4 
Rar a ee 
5 eT La er 
Ce ee ae Se ay Pe te Vi | Ce us 0, 
A Puie athe a Pe ea! lin ci= <hiee eb ae ‘ 
3 , ¥ aa * a) Lae ee * sw ain * 4 Cae i ‘4 
Paley Se Wee Kea erg Rat erate mare iA me ri) Ot noe thee, ie if ‘. i 
Pika Fe ea Sey Re Or if & eR A oo = - oy 
o a Hg gee bts Re eae ee eee Parts 4 pO / ‘os j 
lat ae it) L aed a] Se ¥ 
pwd Tote yee Se ‘Fg er 4 Wee 
eT ee or Lora dinnt Jo) 
Sd ala | eo oo ee a Pee 
G a Spree Pela ] 
Pa) SS tee at 
SP eee ey et as 
- A 
; ae ren 








































P eof "8s a ls e 

OPFOR 0 ts. edt ee 

ad oe acre os eet 
Ce ad Ue ee aT ee 

rite Ad oe as 2 

p Indus: Ge Stoo 

nee adres F 




















werr a a 
Pt 






crs 
Oe 





Roun wc 

yet ate 
at ts 
b Circe ha Ale bs AT ed 
aA A Pan PT Rab-eaey, 
Foti tas ty ts tet okey ete Teka ht 
heh Heel ke ade tee ow Fee 
Wry : ito viola Wed 
PMA AY OE 
eas Ares wenn (ae 
Peat Bhat a ba «nee r 


















a es - 
NDAAN Boh ge oe hn el . , ' : Fe 
ret rey west Cw or 
: dR itp OSS, F ; ; R 
iat, ‘et [ky he) 

















! es 
te HAS nie Loree. a et) tr ® 
MIP € x4 hota aT. a & bY 
rs Ce baa) Ba 


So v 
Sa ae Sats Ate te ee ek i] 
ite! et tne Se re sy 
cy Spa FeeLs tant? = ath Pad Lory 
: "  Miders pet Sie ak ey 
1s mrt eee Fit Hate lh ’ See se tt Roe Ra oc! 
A ass) St © ft as 4 FD es p 
iia la hotel ef ana MOS ee Sk. ih tee 
bhatt rs > ie ta a ed OT . 
ee sat AMR CMe ' Sore nee ee wy Y: 
Lie ye th 7 A ie ae bs tia alee 
“ety A otada tet eh 
Li Sa a aha S 
ape ” Rf Th pss 


+ : he - a ehh BS wR & 
SEES NT, Yen c ) a 

Et es tm eh %% ah a Se: 9 eta i ‘ , ~ Po * TY " 
et ela head ek" “Y Pre ae A i ein yor Sa ya dae a - , 

Daa foe arat ah be Da Aho NSO ble Dh hte 2 ee a ee Me Mee sue ar che yg a Pala a 
ory ay eS the teh reek! BK) ae At We ea PART ARS SO a ear be 
H hes a hg eds Crate awn) art Tih Rhee bg Te ay Be aa Mi Se Te FE SS FF A . q y 
7 ere ey Meas 7 saw r Tet 4 ae a ae ak J a 
a4 we bh r wh hs 4 Eh Pitted Ta Pa Y zy 
ete a ain et Nae ttyl n te athe £9 
eek a Lah Gee es i Po Ve tes g%." 
Pr ee ‘\ OR Eh Yay "% 7h be be wes Hh 
Ae Hehe had Teh Nh eo 2a coi te : GEN cath he! t ie 
L Sf ea at bah og sea + eC Oe 
HR ee AT rN Lapa Ted Cet ON 
Does the Bhs ah oe ie Mah AE SE se 
PR AA L a 2. eS a r i ° 
7 bY PE woh Sian Ye Pipe: 5 . ; 
“a ae sera Re ie atk .F ee te te eh ne Ba ty a -! J 
oT 4¥ BSR bey MALY GEG EG, EAS NT ee P 
eR LS bay fa] Wee ge ie 
a 

ft A : be Rady AMS A aa peo is A 























“ - . 4% woe * 
oi . ow's ry De P 

1A Tee ee oe a | - 

bay Lad iplipciy) Gh TAL Ure cs 

, ba Lf Mink? be 7. oot 1. | A ye NS 7 

\ thy remy feprrer 
























a 
ig Ss Rea 
ST 
eee Reo 
Tete Zh | 

































. 
oe 










ek ganze 
be RCO Rt he y kre oe" 
7% yn era) > : 
ish ys, ae | eet A a rs . “A ot att ie f A ane oh f 
! a A 1 sR Tae A es iY bs “| P - 
{ by atlehi tc tit, wet Sea re aah NN Rie Rca RL fad: ar brs 
pred tai We WA O oyien “Ms WEE y 1 atl © trig iy tte ace aT et 
We oa i tb | eto AS va PUN RN ee ee teh theae ‘ * a 
My Weed hi ay Leh we aa ; : ; a ea i ; 
B ; oe Me ar tM at) ’ x ? 
ah Se is baa ae te oe Fai at ph Nia! is et ¥ SS eA ARO he A, : u~! > 
ere aaa ae AW ie tear 2 SOMME 7 4 Ore 
vy Ed bth dh 2h a be Wedel Leki Medea 1 Wary es RT ee ee 1g i eT 
+ rata Maia te bE te Lok art ae oi Mp ere, 
Ahn Ae jae k py! ee et rns ae ; 
‘a Per Yow ey ieee, aay At tO 
oath Soda Re wea Y . 7} 












oe 





eke AN ya weeks xi oD 
i Ae Ne 
Sete Be A Ra NE Ot b Sa duidi Beech eK Sa P NA . A; eek CAS 2 used 
ley Se 22) ‘wheres. deci a a a NLT we ie kPa eth a » a a 
KW PR et . . ry tee ely, & a0, SMA ut ki, A: Pr 
Sh Sh Pe bn bes wx eee ‘el Sn POT UO VAS deny Tt A) eed A 
ae Ae Sita At ab Mh Ras) re PAT ALS Kiba 
eal e OG U ¢ 2 | 
eeyerns ehh tree i re; Sth Nth Aah ee a a) 
Twi ¥ 1 
Lepr ata ie ran 


TO ee 
mt eS Sree wy ¥ 
LL eh Pg Pele 
AR he thy eis Pett 
ih AD ah da teal Swe aan eY 
Mb thd Fa a LAU ad 


% in Reet ei ae 

fas \ to Bh a 

> van ~~"? | em & 
hee Sh ER reves _" mit — 








ae 

















Cie 





